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Choosing the right telescope can sometimes be a challenge but we think seeing them in the 
flesh ond talking to an expert over o coffee and a hobnob helps. That’s why we have over 
AO telescopes on permanent display, o coffee machine and a full biscuit barrel! 

So why not pay us a visit and let’s talk Astronomy 
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Discover the wonders 
of the universe 


AWS Coe B Coaraoletetraeery 
(ooo e recone) aan) 
cosmos: picking out distant 
nebulae, studying strange 
planets with the potential 
for life and dwelling on 
some of the big questions 
prem eaCcRre Voce Oe t1 
might want to tum to our 
interview on page 68 for 
more on that particular topic). But there's still 
a great deal we can learn from the seemingly 
mundane objects in Earth's celestial back yard. 
There's Mercury, a tiny grey planet quietly 
orbiting the Sun, mostly beneath the radar of 
our best astronomers because Mars is stealing 
the limelight. There it is, offering an interesting 
challenge to one of Einstein's fundamental laws of 
physics. It possibly has the answer to the question 
Ranke ersincteya incre) ims) ciCo ua coem tale keel hi 
nowis it getting the attention it deserves. 
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At the opposite end of the Solar System, New 
Horizons will reach virgin territory near the 
vet era AO SCOR Colca ees Bit here (ole 
After a 4.8-billion-kilometre (3-billion-mile), 
decade-long journey from Earth, the spacecraft 
will finally make an historic flyby of Pluto as it 
moves into the Kuiper Belt. This will provide the 
best images and most-accurate science of the 
dwarf planet to date. 

Don't misjudge us, we're not neglecting the 
ime) ejo(ecd en CB CeCe Coo CLel Tp) ey nea Tn Concerned 
of our favourite topics such as supernovae, life on 
distant worlds and, of course, how to see some of 
the most fascinating and beautiful objects in the 
sky. It's nice to return home though, to discover 
what's been happening on our own doorstep 
recently and maybe, to see familiar sights ina 
totally new and unexpected light. 
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Dr. Johannes Benkhoff, project scientist 
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RS Puppis displays a stunning 
example of this space phenomenon 
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“If it answered that big question, ‘are Space + 
we alone in the universe?’ it would eee BTS 
be a success” aes 
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The other aurora 
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Aurora Borealis though, this is the aurora that occurs around 
Pies eu erie emai 
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Giant asteroids 
pummoelled 


Scientists have discovered early Earth was pounded by 
massive space rocks that devastated its oceans and crust 


A team of international researchers 
has published findings that reveal the 
incredibly violent early history of our 
home planet 

By creatit 
the environment of a terrestrial aeon 
called the Hadean, 4 to 4.5 billion 
years ago, the team was able to she 


a model of the Earth in 


how the world's oldest roc ere 
repeatedly buried under a slew of 
massive impacts. 

“Prior to approximately four 
billion ye: », no larg mn of 
Earth's surface could have survived 
untouched by impacts and 
effects,” explained senior rest 


R 


ne Marchi of NASA‘s Solar Sys 
ration Research Virtual Inst 
SERVI for short) 

acon would have 


-ment 
still in fl 
ant proportions were being flung 
around the S 
on a snooker 
Earth itself 


stem like cue b: 


uld ha’ 
g implicatic its 
ture of life 


Earth 


on Earth. Some of these impacts 
were alyptic in scale: the team 
estimated that a minimum of three 
and up to seven impactors of around 
metres (300 miles) in 
duld have hit the Earth 
is time. These would have 
arly oceans and vaporised 
into the atmospk 


The impacts that smashed 
Ter ele O ULC 

Per ou m ota ese! 
Prue R heeled 


A smaller number of even bigger 
uld also have hit the 
were 966 kilometres 


meteorit 
Earth. The 
(600 miles) in diameter and would 
have been capable of sterilising the 
entire planet. The only life that would 
have survived would have been the 
organisms living deep underground, 
or in the deepest recesses of the ocean 
floor. By comparison, the impactor 
that created the Chicxulub crater 
and marked the end of the dinosaurs 
65 million Ts ago, was just ten 
kilometres (six miles) in diameter 
Earth's formation began with 
the accretion of embryonic planets 
(planetesir ) and, having stuck 
together to form a larger body over 
tens of million of years, the proto: 
Earth was then hit by af object 
that created the Moon. Following 
that, huge asteroids impacted Earth 


resurfacing our planet with gigantic 


melt sheets many times over. @ 


“No large region of Earth's 
surface could have survived 
untouched by impacts” 
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Stay up to date... 


Fascinating space facts, videos & more 


Curiost 





approaches the 
Hidden Valley 


NASA’ Mars rover finally gets a good 
look at Mount Sharp, the mountain at 
the centre of Gale crater 


“=a 





“It's thought these lower layers 


could have originally formed 
part of a huge Iake bed" 


Discover How It 
Works Illustrated 


From the makers of How It Works: a fun and 
accessible magazine for young readers 





The exciting second issue of How It 
Works Illustrated presents a guide 
to Earth’s natural wonders 





With fun, easy-to-understand 
explanations and wonderful artwork 
to amaze the eye, How It Works 
Illustrated is everything kids love 
about learning in one monthly 
manual-sized magazine. Each issue 
is dedicated to explaining all you 
need to know about one fascinating 
topic, from ancient Rome to space 
exploration and beyond. 

Especially designed for younger 
readers, How It Works Illustrated is 
packed with interesting and engaging 
stories about the world around us. 
You'll find all this accompanied by 
mind-blowing puzzles, challenges and 
quizzes to stimulate young minds 
while they learn. 


Two years after the Mars Science 
Laboratory (MSL) mission landed in 
Gale crater on Mars, its Curiosity rover 
has finally made it to the foothills 

of the huge mountain at its centre. 
Mount Sharp (known as Aeolis Mons) 
has a peak 5.5 kilometres (3.4 miles) 
high, but it's the lower slopes that 
interests the science team. 

The rover's current location is 
a sandy dip in the terrain dubbed 
the Hidden Valley, which Curiosity 
must traverse to reach its next goal. 
around 500 metres (1,640 feet) away 
Here, an outcrop called the Pahrump 
Hills marks the beginning of a major 
change in the terrain, from impact 
basin to mountain. The Pahrump Hills 
are considered an appetiser of sorts 
for the long-term science destinations 
of Mount Sharp's lower slopes, three 
kilometres (two miles) from Curiosity’s 
current location. 

Curiosity will be able to sample the 
bedrock of the mountain, which is in 
sediment-like layers and may have 
been laid down over 2 billion years. 

The rover landed on 6 August 2012 
with the primary goal of assessing 
Gale crater to see whether it has ever 
been a suitable habitat for microbial 
life. It landed around ten kilometres 
(six miles) away from the base of 
Mount Sharp. However, because 
of its low top speed (around four 
centimetres or 1.5 inches per second), 
its science objectives and detours to 
avoid rough terrain, it has taken this 
long to journey from the Bradbury 
Landing site to its position. @ 


In issue two, How It Works 
Illustrated explores Earth and its 
natural wonders, from glow-in-the- 
dark creatures to deadly volcanoes. 

You can discover how the 
Earth spins around, what causes 
earthquakes, where the hottest place 
on Earth is and why there is day and 
night. It's an ideal reference for parents 
and children alike, with hundreds of 
facts on vital school curriculum topics 
to nourish enquiring minds. 

Explore and discover the world 
we live in and beyond with issue 
two of How It Works Illustrated, the 
new science magazine for younger 
readers, on sale from newsagents and 
supermarkets from 28 August. @ 
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Stardust 

mystery clearer 
Astronomers on ked the 
creation of stardust during the 
aftermath of supernova SN2010j! 
Its creation was previously a 
complete mystery, but now it's 
thought it formed in material 
ejected just prior to the blast 


new gamma- 
ray source 

NASA‘s Fermi gamma-ray Space 
Telescope has confirmed that 





stellar eruptions known as novae 

usually create gamma rays. Fermi 
has detected this extreme form of 
energy from novae in no less than 
four cases now. 


Ten years 
space 


The Mercury orbiter Messenger 
(MErcury Surface, Space 
ENvironment, GEochemistry 
and Ranging) celebrated a big 
milestone recently: ten years in 
space, 79 billion kilometres (4.9 
billion miles) travelled and 15 
orbits of the Sun completed. 


Most-distant 
ctic lens 
‘overed 


The Hubble Space Telescope 


has discovered the most-distant 
massive galaxy that acts as a 
cosmic magnifying glass. The 
huge gravitational lens has 
magnified the light from a galaxy 
behind it, 107 billion light years 
from the Earth. 


































The evolution of the planet, from 
2,800 to 150 degrees Celsius (5,027 to 
302 degrees Fahrenheit), left to right 


Cool planet 
was once a 


hot as a star 


An international group of 
astronomers has discovered a 
relatively cool planet that they 
suspect could once have been a hot 
star, The planet (WISE JO304-2705) 
has a temperature between that of 
the Earth and Venus, of around 100 
to 150 degrees Celsius (212 to 
degrees Fahrenheit). 

Found in the Furnace 
constellation in the Southern 
Hemisphere, the planet is a ball of 
gas like Jupiter or Saturn, but shows 
evidence of a px 
that sug 
temperature change at some point 


sible ancient origin 
sts there was massive 


It might even have spent its early 
days as hot a: mall star. 

‘Our measurements sugge 
that this Y dwarf may have 
a composition and/or age 
characteristic of one of the galaxy's 
older members,” said Professor 
David Pinfield of the University of 
Hertfordshire, who led the team. 

Its temperature evolution could 
have been rather extreme - despite 
starting out at thousands of degrees, 
this exotic object is now barely hot 
enough to boil a kettle. 

The planet would have started 
with a temperature of 2,800 degrees 
Celsius (5,072 degrees Fahrenheit) 
that lasted for 20 million years. 

It cooled to 1,500 degrees Celsius 
(2,732 degrees Fahrenheit) after 10O 
million years, then 1,000 degrees 

jegrees Fahrenheit) 
after a billion years. Several billion 
years passed before the team 
spotted the planet at its current 
temperature today. @ 
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Huge eruption 
recorded on Io 


Observatory spots the Solar System's 
eieivocimaaelp lee) eRe nm ible) itamwanleleye! 


Peover meiosis mel 
Oe OeM ar Meira 
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eRe eR Ree eS AC 

The image itself was obtained by 
the Gemini North Telescope (situated 
OSE Reece Ure O EET CES 
rors ence R ec le ei rl 
eos ee eri Ruel merinnic cd 
that rocked the surface of the moon 
oe Coe Bo 

The giant eruption was over ten 
thousand times more powerful than 
SENT EATEN Ean Tre 
fee mec imei eRe 
popped in 2010. 

Io's giant volcano spouted several 
Na ee Reem cle 
PP meren Pennie 
rte Rurumi el seenlog 
consumption of the world. The 
moon is subject to the enormous 


Wina 
ticket to 


Ask Hawking 
competition for a 
chance to win 


Organisers of the Starmus Sci 
Festival 2014 have announced an epic 
prize for one lucky winner in the Ask 
Hawking competition. Open to the 
general public, entrants can put their 
questions to one of the leading li 
Stephen Hawking. 

ill be allowed to 
walk onto the stage at the Starmi 


of scienc 


Four winne 


2014 Science Festival in th 
Islands (which runs from 2. 


September) and ask Steven H: 


gravitational forces of its parent 
Somme eon ote 
Pee ono ie eto Cy 
extreme volcanism at its surface. 

Peon eR mene clis eed 
the moon, the resulting eruptions 
from Io's enormous volcanoes can 
emit huge amounts of energy and 
spray to heights many times that of 
PUA CurIRGe eee) 


‘ 


their question. One lucky winner of 
Hawking competition will 
ive a free ticket to Starmus 
0 (£240 / $4 
To enter, simply post your question 
on the Ask Hawking Facebook page 
(StarmusFestival) or email Starmus 


directly with your question at 
hawking@starmus.com. 


sing date for the competition is 
29 August and the jury will announce 
's on 1 September. The 
inners will put their question 


personally to Stephen Hawking, giving 


P) Stephen Hawking is 


BU Re Neo M io cose eta 
of lo shows the huge eruption on the 
upper-right of the moon 





Peo wien elo 
at Starmus 2014, 22-27 
Peon oe Conall 


them the opportunity to go on stage 
and experience a unique moment 
with the renowned physicist 

The non-professional public can 
enter the competition through their 
attendee registration on the festival 

te (www.starmus.com) or, for 
those who are not attending, through 
the Starmus Facebook page. 

Starmus is the stand-out encounter = 
in the field of popular science, in an 
original format where music and the 
stars come together on th autiful 
island of Tenerife. @ 
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Stephen Hawking Robert Harold Kroto Richard Brian May Charles Duke Edgar 

Theoretical Physicist & Wilson Nobel Prize Dawkins Astrophysicist, Apollo Astronaut Mitchell 

Cosmologist Nobel Prize Winner Ethologist & musician, singer Apollo Astronaut 

Winner Evolutionary Biologist and songwriter 
-—% ry He 
Harrison Alexei Viktor Sergei Yuri Baturin — Chris Lintott Kateriana Robert Jill Tarter 
Schmitt Leonov Savinykh Krikalev Russian Astrophysicist and Harvati Williams Astronomer & 
Apollo Astronaut —Soviet/Russian Russian Russian Cosmonaut Presenter of BBC Sky Professor of Astrophysicist SETI Research 
Cosmonaut Cosmonaut Cosmonaut at Night Paleoanthropology 


: Following on from the huge success of the first Starmus “50 years 
Sonic Universe in space” festival in Tenerife in June, 2011, which featured keynote 
Concert presentations from Neil Armstrong, Buzz Aldrin, Jim Lovell, Alexei 

Leonov, Richard Dawkins, Kip Thorne and George Smoot. We are 
very pleased to announce the second Starmus 2014 Festival, the 
finest combination of astronomy, science, art and music to be found 
anywhere in the world at this time. 


ae 
This unique event will feature presentations from Astronauts, 2 Gobierno AQ: ri 
Cosmonauts, Nobel Prize Winners and prominent figures from de Canarias SE = 
science, culture, the arts and music. An astronomical and artistic = 


experience that will enhance your perception of your place in the 
Universe and change your life forever! 
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Tel: UK 0207 993 8338 

Int: 00 44 207 993 8338 (Ashley Oulton) 
Tel Spain: 00 34 664 806 726 
info@starmus.com 
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terrestrial planets, but around seven times a yeaf, 
Sn eee eee et Bey 
clearly visible to the naked eye. To a casual observer, 
Cream ee cee eee CCR Se eecoutn| 
PORT Ce aucing cece hele e omens 
Reese rey Coe 
emule ee ECR Ot eer BUSS etl 
5 to Mercury called BepiColombo. It will be unmanned, 
$ which is sensible given that Mercury is the closest 
ENR CORUeree cai al Mer eC RUMEN e rT men 
i planet temperatures as high as 430 degrees Celsius 
(806 degrees Fahrenheit). There is no chance of being 
able to place an astronaut on its surface, but scientists 
still have a burning desire to study Mercury in greater 
detail. “It's an important piece of the puzzle that 
will enable us to better understand the evolutionary 
history of our Solar System,” says the mission's 
. project scientist Dr Johannes Benkhoff. “We'll be able 
Reem CU Rota ee BL eg 
Cee Aa ee Oat 
BTM) Oe CRO CeU CH eee lected 
as the 1990s. It’s a joint mission of the European 
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Space Agency (ESA) and the Japan Aerospace 
Exploration Agency (JAXA). It's named after Giuseppe 
(ee nee Mur ure enki oes 
the University of Padua in Italy who died in 1984. 
The scientific objectives are to study the interior 
structure, geology, composition and form of Mercury. 
The mission will help experts better understand 
aE eRe MU ae e SL ten 
atmosphere. With a launch date fixed for July 2016 
FHCRC Clee Cale eee ie 8 ee. ma oiie 
be too long before scientists are able to test their 
theories and witness some breakthrough discoveries. 
nent a mee on eee ee 
ren ei Cee Ce ATM oe Smee lie 
STM ROR ee SUR ee Ccase meat eA 
Peete ces oe Cws Tey monte} 
this because there is a risk... you could destroy some 
PS Ce S rst R eee moO Rees 
FOr ene cee enemies ec acral is al 
This tiny planet is only a little bigger than our 
Moon - you could fit18 Mercurys inside the volume 
ae ees cree cats 
of silicate rock, but if you could slice into it, you 


lia steve and so very far away - just what are | 
tronomers inreyoyielss to learn from the multi-., 
ae -pound mission to Mercury and what 
Tets of the Solar System could it pee: 







would see that it has a massi¥e iron core some 4,150 
Pen eeel Ob RU ROE m en cet 
PSS re ASU CCENT HE CURA RUE ey Coe 
ESR RRS CH eee RULES er mM MICRO TD 
Elen otc Oey UOC Re me sion mee MIN Ce le -co} 
and potassium doesn't cause objects to burn up, so 
UCB OR eerie ec lee 

We know a fair amount about Mercury because 
bee On eR MILO MBC ene Simro (et) 
RU Sree EU Beem OCR rio e) 
ite ay Coe Meee melamine 
ee eC om MRC ROMEO eat 
TRO een RNC RCo e Emer L le 
but the low-res images didn't tell them enough. After 
Mariner 10, European scientists realised there was 
still much to learn and began to talk about their own 
mission. As time went on, the Americans also began 
to think about returning to Mercury. Of the two, the 
LSU cee UBS CR ocr oe ere’ 
pUSC CORUM ee mata e ene Ae te 
Messenger entered Mercury's orbit and began to map 
the surface of the planet, sending back rich data. This 
has since proved to be very useful. 
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To analyse Mercury and its atmosphere, : ; 
both the Mercury Planetary Orbiter and Preece Cue) 


has given the Europeans something else tc 
from. “The Am 


the same time,” says Dr 
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hand Mercury Magnetospheric Orbitet need to Ts antenna has afocused 


and narrow radiowave 


pack an array of high-tech instruments beam width that is used to 


overturned us with Messenger but on the othe 


because we have close inter with NASA ar 


















other space agencies, we are able to benefit from their communicaté data. 
experience. We can talk about challenging things like 7 
multi-layer insulation or solar areas. ®@ Radiator 
3epiColombo remains vitally important for 5 Because of the 
many reasons. It seeks to investigate the « retell ae 
evolution of a planet that is close to a pare Seal ocas Sem 
which will sht to similarly placed planets MU Seo 
in other galaxies, The m also wants to time De beans, 
Mercury's orbit around the Sun to test Einstein's aed \ptatheoeebe x @ Star 
theory of general relativity. BepiColombo will also A, Wi -shepdeeatbeabicale SE rT ae ~ephaeed=! 
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study Mercury's interior and 
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its density really is higher than ott 





planets. Also, models shov 





predominantly be made up of iron, but spectroscopic 








observations (the different ngths radiated off 
iron, Mer 


can't be totally sure 





the planet) currently reveal a 





been so under-explored that w 





of what we think we know using current data. Yes, 


we think we know that Mercury has a large core, but 





only by testing the planet's shape, rotation, gravity 





sts be entirely certain. 
and fir 
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field and axis tilt will scier 
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needed to go to Mercury than to the dwarf plan 






Pluto, due to the direction of yurney. The st 


gravity of the Sun means the spacecraft has t 





carefully steered so that it doesn't fall star 
The spacecraft must also decelerate rather than 
accelerate. “The problem is to get the spacecraft into 


an orbit around the planet,” says Dr Benkhoff. "So you 


®@ Medium-gain 
decelerate into the direction of the Sun, bring it into Pre) 
an orbit and then catch up with the speed of Mercury Sy ye 
ind the Sun. Pee eaten ae 
As if that weren't problematic enough, the ECT Rar ls 
BepiColombo mission involves two orbiters - one Pee uel 
created by ESA and the othe JAXA. The Japanese Se rs 
gnetospheric Orbiter So 
Taree ere 
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because it rotates quite fas! 








are contributing the Mercury M 
(MMO) and ESA is building the Mercury P! 
Orbiter (MPO). Both will study Mercury from 
orbits, “Our spacecraft is focused more on the planet 
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itself: its interior and its surface” says Dr 
The Japanese spacecraft will be studyir 


environment and the magnetosphere and e 
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Venus’ atmosphere is the reason for this bizarre difference. It’s almost completely made of carbon dioxide eRe ilg 
which traps the heat and ensure jown. Venus has the thickest atmosphere in the Solar 
System, which is why it's the hottest of all the planets. No heat wave on Earth even comes close 
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Jan Van Casteren, project 
manager of BebiColombo, 
European Space Agency 


Why is it important to investigate Mercury? 
Mercury is a very difficult planet to observe, 
certainly from the Earth - you have very few 
opportunities and a lot of stray light from the Sun. 
The best way is to actually go there. 


What do you think will come out of the 
BepiColombo mission? 

We need to look closely at the density of the planet. 
Mercury has a very high density and this goes back 
to how it was formed in comparison with the other 
planets. Mercury has a magnetic field and that was 
a big surprise. Why is it still not understood? 


How much focus is on the evolution of planets 
ingeneral? 

There are still major and fundamental questions 
about the evolution of planets and their origins 
how they came into existence and evolved. If we 
look at the Earth-like planets - Mercury, Venus 
Mars - they are all very different. Only Earth was 
able to produce life, but why? And why are they so 
different? Why does life exist? 


Is exploration of Mercury needed to answer 
these questions? 

You have to investigate all of the planets for a better 
understanding and Mercury was the missing link. 


What difficulties have you come across? 

The main technical challenges have been due to 
the very high temperatures the spacecraft will 
have to experience. 


How will the sections of the spacecraft cope 
with the high temperatures? 

Everything that is on the outside of the spacecraft 
has to be able to withstand the high temperature, 
so that means the insulation and the blankets - the 
multi-layer insulation - as well as the solar array, 
the antenna and the antenna mechanism must be 
looked at. They are all out in the open and subject 
to the radiation of the Sun. 
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Magnetic field 

Of the Solar System's four terrestrial 
planets, only Earth and Mercury have 

a magnetic field. Mercury's dynamo 
magnetic field is far weaker than Earth's 
and is just one per cent as strong. 
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Since the 
MMO is set to 
orbit Mercury for at 
least one Earth year, there will be 
many opportunities for the Japanese spacecraft to 
sample the magnetosphere at a high altitude. The 
magnetosphere is highly influenced by the Sun 
over Mercury's seasons, so it will be tested all year 
round. The MPO, meanwhile, will be able to sample 
the magnetosphere at lower altitudes. With the MPO 
carrying out many other tasks, the two spacecraft 
will build an overall picture of Mercury. We'll be 
able to see the results of this data gathering, too. 
The BepiColombo mission enables high-resolution 
imagery of the complete planet to be captured, giving 
the mission full visibility of the global planet surface. 
By contrast, Messenger concentrated only on one 
specific hemisphere of the planet. 

Both orbiters will be carried by the Mercury 
Composite Spacecraft (MCS), which will include the 
MMO Sunshield and Interface Structure (MOSIF) 
to provide thermal protection and the necessary 
mechanical and electrical interfaces for the Japanese 
craft. The spacecraft will also include the Mercury 
Transfer Module (MTM), providing solar-electric 
propulsion. Both are being built by ESA. There would 

ave been a lander too - ESA wanted to land on 
Mercury - but the cost was too high, so these plans 
to land on Mercury were eventually scrapped. 

“[The lander] was part of the initial idea for 
BepiColombo. For cost reasons it was dropped and, 
of course, that was disappointing.” says Dr Benkhoff. 
“For sure, that is one of the next steps to come: we do 
plan to have a mission with a lander in the future” 

Still, with ESA and JAXA working side-by-side, 
the mission goals will be better fulfilled. “If you are 
interested in Mercury itself, your goal would be to 
get the remote sensing instruments as close to the 
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Nicolas Thomas, 
professor of 
experimental 
physics at the 
University of 
Bern, Switzerland 
You are the co-principal investigator working 
on the BepiColombo Laser Altimeter. How does 
it measure the topographic relief of Mercury? 
BELA fires a laser at the surface of Mercury and 


measures the flight time between the firing and 
the reception of light reflected from the surface 





By measuring the topography of the surface, we 
can measure the shape of Mercury and determine 
any offset between the centre of mass and centre 
of the figure. In this way we can see if Mercury has 
internal mass displacements. We can also measure 
simple things very accurately such as the height of 
scarps, depths of craters and so on, which enables 
us to determine if craters have been filled with 
material over Mercury's history or how strong the 
tectonic activity on Mercury was necessary to be to 
produce huge uplifts of material. 


What are you hoping will be shown by the 
scientific studies conducted during the 
BepiColombo mission? 

We believe that water has migrated to the poles 
and formed water ice deposits in [sheltered] crater 
bottoms. The camera can't see this stuff because 
there is no sunlight, but the laser brings its own 
light source. We should see a very strong return 
pulse from the laser if the deposit is bright and a 
very weak one if the ice has sublimed and left a 
so-called lag deposit. We can then try to estimate 
how much water has been brought to Mercury by 
comets, for example. 


planet as possible for a thorough investigation,” Dr 
Benkhoff continues. “But if you are interested in the 
environment, it's better to also have spacecraft that 
go a little bit further, where you see the interaction of 
the solar wind with Mercury's magnetic field.” 

The two orbiters will generate different results 
from that of NASA's mission. Messenger is able to get 
great, high-res images to the north of Mercury but 
it's too far away from the south, leading to poorer 
coverage there. BepiColombo's two spacecraft will go 
some way to redressing this as well as expanding on 
the work being carried out by Messenger. One thing 
intriguing astronomers, for instance, are the hollows 
that were found by Messenger in recent years. These 
are structures on the surface that look like volatile 
activity has recently gone through the ground, 
similar to salt lakes on Earth. 
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A big surprise is why there are volatile deposits 
at some of the craters,” says Dr Benkhoff. “We 
question why they are the 
from and that, I guess, is fascinating especially if 
on BepiColombo we can explain it or maybe even 


2 and where they come 


see changes. If there is really something active right 
now, we have the images from Messenger and we 
should in ten years’ time be able tc changes or 
variations. We would be able to 
on the planet or on the surface.” Not only will this be 
useful for the ESA and JAXA, but for NASA too. Any 
competition between them is healthy and they are 
each supportive of the other's ambitions. 

NASA will be just as intrigued as 
agencies to learn about the cold parts of Mercury 


e some dynamics 


Despite being so close to the Sun, temperatures 


Celsius (274 degr 
to the 


can fall as low as -170 deg) 
hrenheit), lly around craters cl 


DOP (eye-W- srolt a cleat acento ea =) 

























eS are Raa et pe ROL 
Eley SCA e i ence ie a amy 
Seo ces hieee eR) Zeke) 
Pn eee CUM elt ume ee) 
Or TTR cy 


‘fomposition and dynamics. 


You can see the 
eur aiies 

taken by the MMO oa 
and the MPO 
around Mercury 





“It's hoped the mission will enable us to 
learn so much more about Earth, too” 


at which sunlight falls at the poles is very low over 
the craters, which keeps them in the shadows. “If 
you have some deep craters, there is never sunshine 
inside them,” says Dr Benkhoff. “There is stro 
evidence that there is water ice in there. If we could 
prove that and measure it, it would be fantastic. 

Is this a pointer to life perhaps? “In a way, Dr 
Benkhoff adds, although the las atmosphere 
makes it difficult for life to flourish 

Ik about life you relate it to water and of 
course if there is water, then you can have bacteria or 


Normally when 


whatever is related to the water. So, indeed, you could 
maybe have some life in these craters” 


course, BepiColombo isn't just interested in 


the mission will enable us to learn so much more 
about Earth, too, On board are instruments that will 
gather data such as the height of the mountains, 

which can be used for comparison with other planets 
like our own. 

Mercury is the only planet with an Earth-like 
magnetic field and so studying the affects on 
Mercury is like having a lab somewhere outside 
where we can model the interactions of a magnetic 
field with the Sun,” says Dr Benkhoff. “We can learn 
about Earth... One study will look at space weather. 
We're protected by our atmosphere, but satellites are 
not. We could learn something on Mercury about 
the int ion between the Sun and magnetic fields, 
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The mission will also enable scientists to observe 
time scales. They will be able to observe an event 
(such as an emission) on the Sun via the spacecraft 
and work out how long it takes until it reaches the 
Earth. It will enable better forecasts to be made. “The 
Americans found that processes on Mercury seem to 
be much faster than what we observe on Earth, so 
now we need to find out why,” Dr Benkhoff adds. “As 
a result of all of this, our understanding of the Solar 
System as a whole will be enriched. 

NASA's Messenger mission has already been 
helping in this regard. Before it flew to Mercury 
astronomers had a good model of how the Solar 
System was formed, but Messenger found that the 
volatile content and the atmosphere on the surface of 
the planet was much higher than expected. It raised 
questions over theories of the Solar System's origin. 





“What Messenger has shown is that we were 
correct to want to go to Mercury, because at the 
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beginning there were doubts: people wondered what 
we could learn. But there are so many unexpected 
results, so many new questions, that they're crying 
for a follow-up mission and we are now in the good 
position that we don't need to v an additional 20 
years to develop one. We have it in the pipeline 





There will still be a ten-year wait before 
astronomers are able to collate new findings, but 
the project is still advanced. The spacecraft, which 
has been assembled in Italy, is in the hands of ESA 
engineers and is undergoing thorough testing. 

The preparation, planning and discussion with 
the scientists is so important,” says Dr Benkhoff. “Of 
course, it's not that we have to work ten hours a day 
over the eight ye: 





rs following launch, but we need 


to use the time ¢ ctly when we are there. I have 





seen how colleagues react when a mission they have 
waited ten years to reach comes to ition and I'm 
very much looking forward to that.” @ 
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The Sun's closest planetary 
neighbour has some surprising stats 


km 


The diameter of the largest impact 
crater on Mercury, the Caloris Basin. 


14th century 


Mercury was discovered in the 14th 
century BC by Assyrian astronomers. 


Its mass in 
billions of 
kilograms. 


The amount the 
planet's diameter 
may have shrunk 
while cooling over 
4 billion years. 


One of five Number of 
planets satellites 
visible 
with the 
naked eye. 


4579. 


The diameter of Mercury is slightly 
larger than Earth's Moon. 


Mercury 
passes in 
front of 

the Sun 13 
times every 
century on 
average. 
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Written by Gemma Lavender 


Bumper cars at a fairground, dropping an egg on 
the floor, or the devastating crash between vehicles 
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Planetary poundings, stellar smash-ups and great galactic crashes, All About 
Space explores some of the greatest collisions the universe has ever witnessed 
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Colossal cosmic collisions 


2wo clust Neheb ra ntaity sed 1rmass 
gl nee mgr cege 1 Supe ive 
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We can see what happens when galaxies collide, 
but what about when the black holes within them 
merge? These high-gravity objects can be hundreds 
of millions of times more massive than the Sun, 


placing them in the supermassive category. When 
their parent galaxies merge, the black holes at each 
of their centres get closer and closer, spiralling 
around each other until they coalesce and become 
one, unleashing invisible yet extremely powerful 
gravitational waves that ripple through space. 

The crash gives the combined black hole a kick in 
one direction and at speeds of up to 5,000 kilometres 
(3,100 miles) per second, it can recoil straight into 
intergalactic space, dragging a cluster of stars with it 


“Tt can recoil 
straight into 
intergalactic space" 
= — 





A catastrophic | 








meeting of giants 

The Bullet cluster serves up one of the best examples The impact between this glut of galaxies is so oe 

of a great collision, as a pair of giant clusters tremendous that both the normal matter we can see 

teeming with galaxies smacked into each other the parts of the universe we'te able to observe - and 

in a merger hundreds of millions of years in the the elusive dark matter, have been wrenched apart 

making. Astronomers have estimated that this truly Experts are able to see where this dark matter hides 

gargantuan collision, some 377 billion light years away by the way its gravity bends the light of more-distant 

from the Solar System, is the biggest cosmic event galactic structures. Meanwhile, colliding gas clouds are Black holes can merge when their 

since the Big Bang heated to millions of degrees as they sizzle in X-rays. parent structures crash together 
3 An ambush of 
dark matter 
All around the Solar System is a giant loop of stars 
and star formations in the ghostly shape of nebulas. 
Scientists think this ring - the Gould Belt, which is 
3,000 light years across - originated when a giant 
clump of dark matter fell onto the Milky Way around 
30 million years ago and collided with a giant cloud of 
molecular hydrogen gas. The impact caused the Milky 
Way to see more stars, literally, as the gas then collapsed 
and hot stellar infants were formed. Ripples spread out 
from the epicentre of the collision and we see one of 
those ripples today - in the form of the Gould Belt. 
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BU en come tm Cem NC oie Ent hres neighbourhood, but it would be the stray Mars= 
Some 4.5 billion years ago our Solar System was sized Theia that was set to make all the difference: 
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out in a fit of turbulence. Other worlds and rocky Its relatively moderate speed, astronomically 
CeCe aM m | CeRUe tet clee eel speaking, did nothing to lessen its huge impact 
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The day Earth 
got bombarded 
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It's thought the crash released more than a billion 
Psu cor Me ee Monier ees Cocos 
Hiroshima, Japan. What followed was a flaming, red 
hot sky and an atmosphere full of dust as the tops of 
the oceans hissed and boiled off under the intense 
heat. Vaporised rock was sent into the atmosphere. 
which then encircled the globe and condensed into 
Menem ets ca cna h retire 
Ree Sere eee Ra) 
bigger - around 37 to 58 kilometres (23 to 36 miles) 
larger than the one that caused this mass extinction 











belted the Earth around 3 to 4 billion years ago. 
This would have been during the tail-end-of the 
CBs eeu ume ce ee Mire meet 
of gigantic asteroids rain into our Solar System, 
creating the many scuffs and craters on rocky bodies 
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atmosphere atian estimated 20 kilometres (12.4 
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able to create a 10.8-magnitude earthquake that set 
off further tremors, propelling tsunamis hundreds of 
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6 Richest collision in space 
When a pair of neutron stars dance, of gamma-ray bursts, the 
they dance to the death. Stuck in an s of extremely energetic 
ongoing, deadly, orbital tango, these explosions that are one of the brightest 
dense stellar remnants will spiral in electromagnetic events known to 
occur in the cosmos. 

Using the likes of the Hubble Space 


Telescope to observe these objects, 


towards each other. 
When they eventually collide it's 

so catastrophic that a magnetic field 
trillions of times stronger than that of 
Earth's erupts from the collision in a 
Matter of one or two thousandths of 
a second. A black hole can be cooked 
up in this high-energy event, provided 


they have theorised that the events 
are energetic enough to create precious 
metals such as gold, along with other 
dense elements. It's possible that 

the combined teamwork of a pair 

of neutron stars could explain the 
precious metals that can be found 
knocking around s] 


there's enough mass. 
Some astronomers believe that 
these kinds of events make some 


1 Gamma-ray burst-maker 
As well as precious materials, two 
neutron stars that are set to merge also 
create short bursts of gamma rays. 


2 Quick merge 

Crashing into each other, the neutron 
stars create a rapidly spinning black hole 
and cause the event horizon. 
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3 Swirling chaos 

Super-dense matter and temperatures 
begin to swirl around the new black 
hole, amplifying the magnetic field 


4 Magnetic pump up 

Swirling gas builds up the magnetic 
field, with a strength thousands of 
times stronger than the original fields. 
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Mercury's partly molten 
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up most of its mass. It also 
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How Mercury was cobbled together has mystified astronomers for many years. 
What's left them scratching their heads for so long is its unusual make-up. This 
small world isn't made of material like the other planets in our Solar System 
Mercury is unusually metal-rich, with its iron core making up about 65 per cent of 
its bulk. When you compare that with the Earth's core, which pales in significance 
at 32 per cent of our planet's mass, you can see why the question of Mercury's 
formation has caused much confusion in the scientific community. 

Recently astronomers have produced another theory. The general consensus 
is that this Sun-worshipping planet must have lost the majority of its mantle to 
expose a metallic core. Picturing how it did this, while retaining the noticeable 
levels of volatile compounds it clings to today, conjures an image of a young, 
reckless, runaway M 
that got in its way 





‘ury, smashing into whatever planet or lump of space roc 


The University of Bern’s Erik Asphaug and Andreas Reufer suspect that proto 
Mercury lost half of its mantle in a hit-and-run collision, when it smashed into a 
possibly a proto-Venus or proto-Earth. It's also likely Mercury was a 
repeat offender, crashing into larger planets more than once. 


larger planet 


5 Organised field 

The field becomes more organised 
and gradually begins to form a pair of 
outwardly directed funnels. 


6 Powerful gamma-ray bursts 
This configuration is exactly what is 
needed to power jets of fast particles 
that produce short gamma-ray bursts. 
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Billions of years into its future, the Milky 
Way and Andromeda will collide 
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it’s been estimated that there's a 50 per cent chance 
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Earth, the astronauts aboard the International Space 
Station (ISS), as well as those due to board Space 
Shuttle Discovery, on tenterhooks. 

While NASA determined the risk to the crew 
aboard the ISS - as well as other future flights into 
er eer ee me One Bethalto 
Cee ee Reman eem erie ohy 
needing to perform a manoeuvre to avoid the debris. 
Me wee eee em nici eee eet 
disaster still posed a risk to crew members of the ISS 
PB er mle CMe eel me mee 4 
tefuge inside two docked spacecraft. 





Ele Cee tse ooo O eee mS nee Ley 
sounds of the satellite collision came thick and fast. 
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Planet Earth Education 


Why study Astronomy? 
How does Astronomy affect our everyday life? 








. Sun provides our energy to live and is used for timekeeping. 
* The Moon causes eclipses whilst its phasing determines the date for Easter Sunday 





Constellations can be used for nay 
Astronomy is one of the oldest scien 


Planet Earth Education is one of the UK’s most popular and longest serving providers of distance 
learning Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively 


priced courses of the highest standards. Students may choose from five separate Astronomy courses, 





suitable for complete beginner through to GCSE and first-year university standard 


Planet Earth Education’s courses may be started at any time of the year with students able to work at 
their own pace without deadlines. Each submitted assignment receives personal feedback from their tutor 
and as there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised 
science qualifications at GCSE Astronomy level. With each successfully completed Planet Earth 


Education course, students receive a certificate 





Visit our website for a complete syllabus of each available course, along with all the necessary 





enrolment information. 


@ 0161 6539092 www.planeteartheducation.co.uk 
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- cela About... 
SUPERNOVA 
NEIGHBOUR 


As astronomers watch the story of SN1987A unfold before their 
eyes, they are observing the closest supernova in living history 
and gradually uncovering its turbulent past 


Written by Laura Mears 
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All About Earth's supernova neighbour Rete 


When SNI987A exploded in 1987, no one was On the very outskirts of the nebula is a young sta aa Pe, 
expecting the blast. The star behind it all, an ster that formed around ion years ago. Here, ere 1S x 
unassuming blue supergiant, was an extremely 500 Sun-sized stars are joines sive > 

unlikely candidate for a supernova, so when it pe i nestled among them is SNI‘ SN1987A? > 


























happened every scope in the Southern Hemisphere 2 a to be witne since the 
tumed to face the Large Magellanic Cloud (LMC). nv he telescope. BUalcnselgpersiarsd 
This irregular galaxy is less than 200,0( 0 light 7 fore losing 50 SNI987A supernova es i 
years from the Sun, making it one of the closest i similar in 
galaxies to the Earth, It measures around 14,000 : $ to its companions. However, as was traced to the ; 
light years across at its widest point - around an f its life, the star underwent a outskirts of the 
ighth of the diameter of the Milky Way. Located in 
the southern sky, between the constellations Dorado nthe nig Beicielelebeeel I 
and Mensa, the LMC is vi: all year round from n the ‘sity of Toronto set up a PUR CHUNee uC eco nos 
latitudes below 20 deg ith. It appears as a faint routine long-exposure image of the LMC - but when Pe avericie ioc eRe eS sa 
white smudge around 20 times the total width n veloped the plate, somethin; ifferent SCE eRe rege ie th 
full Moon. % right star had appeared in the areas of star formations in nearby * 
The LMC is actually a satellite trapped in orbit 2 y morning, two other astr mers had also space, where the twisted clouds 
around the Mi y ith a total mass no more spotted the supernova and ni a 2ad to of partially ionised hydrogén gas 
than a hundredth of its captor, the galaxy is a relative rvatories across the world. ee Roe: eRe One 
dwarf, Although it has an obvious bar of stars in the losion produced radioactive nickel and The nebula is littered with the 
centre, the gravitational pull of our own galaxy has r hree months following the al blast, the remnants of burnt-out supernovae. £ 
distorted its structure, and tidal interactions with the mI ss of SNI987A grew steadily as the metal Individual star clusters formed 
nearby Small Magellanic Cloud have created a bridge yed into cobalt and then iron. At its brightest, i sporadically, bursting into life 
of gas between the two. reached an apparent magnitude of three, making it PEP H Econ or nm lend 
The local disruption fuels the star forr visible with the r d eye even in a brightly lit city through their fuel and then 
the LMC contains several bright clouds of site its brightness, SN1987A was difficult Pret elmeleety rcten tant 
s including the Tarantula nebula, which i from the ground, and it v until the Re ome ec e Bch 
to some of the most massive stars in the know launch of the Hubble Space Teles« in April 1990 Pee YAB CR ie tom een 
universe. Large stars burn through their fuel rapidly that astronome e able to ge loser look closest supernova to Earth to have 
collapsing in a dramatic blaze and scattered across the young supernova. It’s now the best-studied exploded since the invention of * 
the field of molecular gas are the remnants of dozens supernova in his ill have the telescope.and we have learned 
of supernovae. However, none is quite so interesting Q TOW seat as the tar continues to more from it than from all of the 
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All About Earth's supernova neighbour 


Inside and out 


SN1987A's 27-year evolution has changed the way we think about supernovas 


By the late 1980s, there was already a theoretical like a beacon 


model predicting the aftermath of the death of a 


away from the supernova, lighti 

er a Collision occurs. The rings themselve 
ma: star, but none had ever been observed e moving away from SNI987A at the (relatively) 
up close. The fresh explosion of S! A offered slow speed of around 160,000 kilometres (100,000 


astronomers a rare opportunity to watch a cosmic wut the debris from the explosion is 


event unfold in real-time, over the course of yez ing 100 times faster. 


a was unusual. nen the star ran out of fuel and the 
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not centuries - but this supernc 
The catalyst star of SN1987, 
didn't fit the profile of a star about to collapse. It was 


collapsed, a fraction of the energy from the explosion 
and causin 
m to glow. After this initial hit, the light faded. 
But in 1997, the debris from the supernova started to 
catch up with the inner ring. A single spot of bright 
activity appeared on the north side and by 2000 


there were several more to the south. 


a blue supergiant of around 20 times the mz 
the Sun, not the red supergiant that scientists w 
expecting. It was also surrounded by three distinct 
rings of glowing gas, created s al thousand years 
before the star died. 

These unusual halos have enabled astronomers the debris ejected from the centre of the 


to track the progress of the shock wave as it races explosion collided with the hot sma, the imy 
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Key features of this stellar gravestone 


created shockwaves, releasing bursts of X-rays. The 

s and dust in the debris cloud, 
Causing it to glow. That was just the beginning - in 
2011 the bulk of the debris began to slam into the 


inner ring, lighting up the entire circumference and 


radiation excited the 


as the main front of the shockwave continues to 
collide with the remnants of the ring, the material 
will eventually be blown away into the LMC 

What will remain of SN1987A is currently 
unknown. During a supernova explosion, the matter 
that once made up the core of the star collapses 
inwards, compressing together so tightly that the 
protons and electrons are combined to form an 
incredibly dense object known as a neutron star 
However, so far the remains of SN1987A are curiously 


missing entirely 
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Earth's supernova neighbour 


The supernova released such a vast 





quantity of dust that the centre of the blast 









zone is entirely obscured. tron stars tend 
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id, but so far 
nothing has been observed. 

Some scientists believe there is actually 
a small black hole at the c 2, but this 
raises difficult questions about how the 





neutrinos that hit Earth's telescopes could 
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have escaped in the first place. Others Hubble's 


20 years after SN1987A exploded, 
vanced Camera for Surveys 


hypothesise that it might be a quark captured this image of the aftermath. The Earth masses of radioactive iron released. 
star, but the existence of such densely inner ring is glowing under the impact of 


compacted matter has yet to be observed. debris collisions 
“Astronomers watch for evidence 168 () QO @ 
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that a dense star might be pulling 


in matter from the dust cloud" LIGHT YEARS 
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All About Earth's supernova neighbour 


Obse 


5 


SNI987A 


Since the first neutrinos from the blast hit 
Earth in 1987, astronomers have watched this 


unique supernova evolve 


On the night of its explosion, very few telescopes 
were aimed at SN1987A and just three people are 
known to have witnessed the first light of the 
supernova. Two of these men were based at the Las 
Campanas Observatory in the Chilean Andes, home 
to two 6.5-metre Magellan te 
an amateur astronomer observing the LMC usir 


The other was 





escopes, 





0.3-metre telescope in New Zealand, These were not 
the first signals to reach the Earth, however. 

Two hours before the first light of the supernova 
was spotted, neutrinos from the blast reached our 
particle detectors. The Kamiokande II neutrino 
telescope in Japan is positioned 1,000 metres (3,300 
feet) below the ground in the Kamioka mine. On 23 
February 1987, the detector was hit by nine neutrinos 
in the space of two seconds and another three just 
a few seconds later. Two other telescopes, the IMB 
detector in Ohio and the Baksan telescope in Russia, 
also recorded the event, together counting a total of 
25 neutrinos. 

This might not sound like much compared with 
the billions upon billions released by a supernova 
explosion, but neutrinos are almost massless and 
don't really interact with matter. Most of them race 
through the Earth without colliding with anything, 
making their presence extremely hard to detect 
The number picked up by the telescopes was huge, 
and provided the first real evidence of established 
supernova theory 

At the time of the blast, the most advanced 
ultraviolet telescope in orbit was the Soviet Astron, 
which became the first space telescope to image the 
supernova, but it ceased to function in 1989. Luckily 
the Hubble Space Telescope was almost ready for 
nce 1990 it's been documenting the 





launch, so 
progress of SN1987A in hundreds of images. 

Not only did Hubble reveal the three rings that 
surround the supernova but, in combination with the 
Chandra X-ray Observatory, it has been using them to 
track the progress of the central shockwave, watching 
as matter from the core of the explosion began to 
collide with the gas that makes up the ring. 


“Around 200 
thousand Earths 
could be formed 
from the dust” 


50 


The heat of the explosion is well documented, 
but recently infrared telescopes have also begun 
a. The centre of 





probing the heart of the supernc 
SNI987A is obscured and the infrared equipment on 
board the European Space Agency's Herschel Space 
Observatory revealed an enormous cloud of cold 
dust, spewed out by the explosion. It’s estimated that 
around 200,000 planets the size of Earth could be 
formed from the dusty outpourings of SN1987A. 

The destruction of the rings around the supernova 
will be complete within our lifetime, and space 
inprecedented 
As the dust and 





telescopes will be able to create ar 
timeline of the end of SN1987A‘; life. 








debris are blown a’ 
James Webb Space Telescope will be able to probe 
the core of the blast, finally identifying the remains 
of SN1987A. @ 
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shows how much the keyhole- 
shaped cloud of debris has 
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ay, advanced instruments like the 
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Ultraviolet telescope 


A Soviet satellite, Astron, was launched in March 1983 and was 
equipped to detect ultraviolet and X-ray radiation. The telescope was 
only designed to operate for one year, but at the time of SN1987A’s 
discovery four years later, the Astron was still functional 

As the largest ultraviolet space telescope in orbit at the time, it was 
quickly directed towards the LMC. From 4 to 12 March 1987, Astron 
captured images of the new supernova, becoming the first space 


telescope to record the event. By June 1989, the satellite had ceased to 


function but with the launch of the Hubble Space Telescope in 1990, 
the view of SN1987A was about to get significantly clearer. 


UV telescope 

The main instrument on board 
the Astron was a five-metre (16- 
foot) long ultraviolet telescope, 
built as part of a collaboration 
between the USSR and France. 


Main bus 
The Astron satellite was built 
on the same design as the 
Venus probe, Venera 4, with 
a central bus containing the 
scientific payload. 


Images from Hubble (green) and Chandra 
OWE eau teslicccecstecnt cent 
PS nog seco cme ben em nc ele) 
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the cold dust created by the supernova 
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Earth's supernova neighbour 


Sensor-driven mirror 

The secondary mirror inside the UV 
telescope was controlled using a series of 
sensors, keeping the telescope steady to 


arcsecond (1/3,600 of a degree). 












The satellite, and its 
equipment, were powered 
by solar panels attached as 
two wings, one on either 
side of the bus. 





X-ray vision 
Peering within the blast 


This X-ray heatmap from the Chandra X-ray 
observatory shows debris slamming into the inner 
ting. As the speeding cloud tears through the 
ten-million-degree Celsius plasma that encircles 
SN1987A, the shockwave creates X-rays, exciting the 
gas and causing it to glow. The light of the initial 
explosion has now faded, replaced by light emitted 
as the exploded debris cloud tears through the 
surrounding gas and dust, marking the transition of 
SNI1987A from supernova to supernova remnant 
the final display of a deceased star. 


What is the shape of space? 


What is the 
shape of space? 


How some simple geometry and in-depth astronomy 
could show us the creation and future of the universe 


We all grow up learning that the angles of a triangle 
equal 180 degrees. While that's perfectly true of a 
triangle drawn on a flat surface, like a piece of paper, 
it's not the case for all triangles. 

Picture a globe and imagine the following. Start 
from the North Pole and draw a line down to the 
equator. Then take a 90-degree turn and continue 
along the equator heading east. Complete the triangle 
by making another right-angle turn and returning to 
the North Pole. Having already made two turns of 90 
degrees, the triangle’s three angles must add up to 
more than 180 degrees 





The traditional 180-degree rule is part of Euclidean 
geometry - it doesn’t hold true on the surface of a 
sphere (like the Earth), which is instead governed 
by a set of rules known as elliptic geometry. 
Astronomers describe a universe shaped like a sphere 
as closed. A universe that follows Euclidean geometry 
is described as flat. 

Additionally, it's also possible to imagine a shape 
where the angles of a triangle add up to less than 180 
degrees and in this geometry the shape looks more 
like a saddle sort of formation. This kind of universe 


is referred to as open. 





So, which of these three possible shapes matches 
our universe? In order to find out, astronomers 
observe the cosmic microwave background (CMB), 
the relic radiation left over from the Big Bang. 
About 380,000 years after its birth, the universe 
had expanded and cooled enough for electrons to 
become bound to atomic nuclei for the first time. 
This helped disperse a hot atomic fog of particles 
that had been keeping light trapped. Free to roam, 
that energy proceeded to pour outwards. It's been 


travelling across the universe ever since and is what 
we observe as the CMB 
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In the billions of years since, the universe 
continued expanding and this radiation has now 
cooled to just 2.7 degrees Kelvin above absolute 





zero (-270.45 degrees Celsius or -454.81 degrees 
Fahrenheit). It blankets the whole sky and is 
exceptionally smooth, but crucially not perfectly so. 

The CMB has hot and cold spots that differ 
from the rest of the background by one part in ten 
thousand. It's by measuring the spacing between 
these tiny variations that astronomers are able to 
probe the curvature of the universe, because on its 
way to us the CMB energy followed the natural shape 
of space, altering what we observe. 

High-precision measurements of the CMB from 
space telescopes such as NASA's WMAP (the 
Wilkinson Microwave Anisotropy Probe) and the 
European Space Agency's Planck have shown the 
universe to be near enough flat. In this case, its 
angles all neatly add up to 180 degrees, just like on a 
sheet of paper. 


That's remarkable given the huge range of 
possibilities. If the universe were open or closed, the 
sum total of the angles within a triangle could be any 
one of an enormous range of values. But there's only 
one value that yields a flat universe: 180 degrees 
however improbable, this seems to be the case. 

This apparent fine-tuning has been intensely 
debated by astronomers and physicists for decades. 
One possible explanation comes in the form of 
inflation - a slight modification to the original Big 
Bang theory 

Tied up in the Big Bang is the idea of the ongoing 
expansion of the universe. Inflation says that the 
infant universe underwent a period of much faster 
expansion, growing from smaller than an atom to the 
size of a grapefruit in just a trillionth of a trillionth of 
a trillionth of a second. If correct, that would explain 
our universe's apparent flatness. It could have started 
out open or closed, but that curvature would have 
been smoothed out by inflation. @ 


“Astronomers observe the cosmic 
microwave background, the relic 
radiation left over from the Big Bang” 
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What is the shape of space? 





oe a 


The Balloon-born Large Aperture 
Submillimetre Telescope (BLAST) looks at the 
CMB to see how space formed 


Fate of the 
universe 


What will eventually happen 
to the universe? The answer 
depends, in part, on its shape 
In a closed universe, gravity eventually 
overcomes the expansion and the universe 
collapses back in on itself in a scenario called 
the Big Crunch. In an open universe, there isn't 
enough gravity to overcome the expansion and 
the universe continues expanding forever. This 
is known as the Big Rip. If a universe is flat 
which ours appears to be, then the expansion 
continues but is gradually slowed by gravity. 
The picture became more complicated in 
1998, however, with the discovery of dark 
energy. Having already observed that our 
universe is flat, astronomers expected to find 
its expansion slowing down. Instead, it was 
speeding up. Some form of anti-gravity must be 
pushing the universe apart at an ever-increasing 
rate. This means our flat universe 
may actually still end up 
in the Big Rip. 
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The moons in our Solar System possess a 
variety of conditions, but could alien life be 
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“If you know the mass and size you can 
get the density - that tells an roughly 
What the moon is made of" 


{Earth's official orbital period around the Sun], but in 
fact that transit could happen five minutes earlier or 
later. That's because the thing that actually orbits the 
Sun like clockwork is the centre of mass of the Earth- 
Moon system. The Earth and Moon are both orbiting 
around that point in space and although the centre of 
mass is deep inside the Earth [about 1,700 kilometres 
or 1,056 miles below the surface], Earth's wobble is 
enough to create variations of a few minutes. 

“What's more, sometimes the planet seems to 
move across the star a bit quicker or a bit slower, 
because the tug of the Moon is causing its velocity 
through space to vary,” Dr Kipping continues. “It's 
a bit like a pendulum: the duration effect is at its 
maximum when the timing effect is at its minimum 
and vice versa." 

Putting all this information together could, in 
theory, lead to some impressive and revealing results: 
“Kepler can just about detect these kinds of timing 
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variations, so you can then get the mass of the moon 
from the wobble of the planet and the size of the 
moon from the transit dip itself. If you know the 
mass and size you can get the density - that tells 
you roughly what the moon is made of. If it's an icy 
moon you get a density of maybe one or two grams 
per cubic centimetre, whereas if it's rocky then you're 
looking at about twice that.” 

In practise, of course, sifting the enormous 
amounts of data collected by Kepler between its 
launch in 2009 and eventual breakdown in 2013 is 
an exacting task. Based on its criteria of measuring 
over three transit events in front of a particular star, 
Kepler detected at least 4,000 planetary candidates. 

Unfortunately, most of these planets can be 
dismissed immediately as unlikely to have orbiting 
moons. The transit technique is naturally biased 
towards planets that are very close to their stars 
and many exoplanets orbit so close that their star's 
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The moon 


family portrait 


Researchers group 
hypothetical exomoons into a 
number of different categories 
depending on their potential 
for life - hot, habitable, 
snowball and transient 











Hot exomoons 

Too close to a star and 
an exomoon may 
have an average 
temperature above 
the boiling point 

of water, making it 

highly unsuitable for 

any form of life. 


Habitable exomoons 
Exoplanets orbiting in a 
system's habitable zone 
(where liquid water can 
persist on a planet's 
surface) still need 
sufficient gravity to 
trap an atmosphere 
that regulates their 
temperature. If these 
conditions are met, 
however, the prospects 
for life are promising 


Snowball exomoons 
Moons formed in the 
outer reaches of an 
alien solar system are 
likely to be 
dominated by ice. 
They will remain 
deep-frozen unless 
heated by tides from 
their parent planet - 
again these are unlikely 
to be habitats for life. 







Transient exomoons 
Moons of planets with 
elliptical orbits might 
be habitable for most 
of their planet's year, 
but can experience 
hot or snowball 
periods as they 
venture too close to 
their star, or too far from 
its life-giving heat. 
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How to find an exomoon 


Locating a companion to a distant exoplanet can be tricky, but 
astronomers have a few tricks up their sleeves 
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Microlensing 


This technique is almost the opposite of the transit 
effect - it involves looking for a brief brightening in 
a star's light as an object (such as a planet orbiting 
another star) passing in front of it bends and boosts 
its-light through the affect of gravitational. lensing. 

In theory this method can detect less-massive 
fe) eC M Rec elte nico si teem Cay ole) 
spot differences in the lensing effect caused by the 
presence of exomoons. However, such events require 
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Transit method 


The transit technique looks for dips in a star's 
brightness as other objects pass in front of it - 
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be linked to orbifing-exoplanets and their moons. 
The method is biased towards detecting larger 
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“I can't believe nature doesn't build 
moons frequently - it has a much greater 
imagination than ourselves” 





gravity would simply rip any hypothetical 
out of orbit. In fact, only about ten per cen! 





of Kepler 
candidates orbit far enough from their stars tc 
potentially hold satellites. 

These days, it might feel like Kepler planets are 
adime a dozen, but the subset of these long-period 
planets are very special to us and very precious,” Dr 
Kipping explains. “We believe it's worth studying 
each one of these with a fine tooth comb to look for 
moons because, whether we find them or not - if 
they're common or rare - the answer is going to be 
y 





one of the most important in modern astr¢ 

So, how is progress going? “We've studied about 
20 of them so far, and at the moment we're 
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them have atmospheres, some have volcanoes, some 
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of which might fundamentally challenge our picture 
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of the moons in our own Solar System, Ganymede, 
CRN mR nko tec Con eer cre aco) 
PoC MRC UB mR Mimi lL 
moons as massive as Mars. If such a system orbited 
a Sun-like star at an Earth-like distance, the moon - 
though not the gas giant planet - could be habitable. 
Isn't that an absolutely fascinating possibility? 
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Using the standard dynamical strategies for moon- 
detection, moons around very massive planets are 
Ce ERC R Raa keen meee 
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targets. A moon's own transit signal depends only 
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‘life on exomoons 

Assuming that exomoons are found, the big question is 

whether they would have the potential to be habitable. 

Dr René Heller has carried pe aeey work on the 

constraints that.govern the 
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itability of these worlds 


search for a moon's own transit dip works actually 
De meee niece ch oce 


So what factors would influence the habitability 
POET lrg 

Talking about the possibility of liquid water on the 
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temperature variations between night and day, as 
well as to sustain some kind weathering and global 
water transport. Since atmospheres of moons cannot 
Pes NA ee Coe eee eR mcm Om en 
SEC R EC RUE RO Or Sd 
eM climemes Reimers iba meno 
available exomoon-detection methods work best for 
Drom nee menial a tel hme roe mney 
Pre OHerT NAEP icles om 


Are there any other constraints to the areas you 
DEER 

PCR COE Hn Cine nr nm ech ie| 
key role. Too close to the star and the moon might 
PSE BOUEC ecole CORSE Ont oe 
Sree Te CeO me aOR Otel! 
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Mars. So the stellar distance of the planet-moon 
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system must be within a certain range, maybe in 
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eeu e eo SCO mone Ene 

- reflected starlight as welhas the planet's own 
thermal emissions. What makes hr even more 
Poa eRe ener eno ec oa eee Pe 
Pee em meek Core eB em Omeer 
a perfectly circular orbit, maybe because pre cid 
other moons causing gravitational perturbations, 
RRC eg ec Cleen en Remsen og 

ey merece mas Merce Remeron mri elated 
through internal friction. The closer a moon to its 
PR Meco omen CRU er Boren om 


So just as in our Solar System, that could create 
a potentially habitable environment outside of 
the normal habitable zone. What chance do you 
think we have of proving such worlds exist? 
EVE me eee ee BRU SC ey 
Seen OR ee CHa Rue heen eC elit 
Seeder COE MUO meet emer mA 
PO ea Oe omen ORCC MCC CIty 
combined would give us an idea about its average 
density, which might enable us to classify it as a 
rocky, a water-rich, or an icy moon. So depending on 
PCR rC Ree OMe eee imei ic a eee 
well as the basic physical values of the planet and 
the star should come alongside the detection, These 
SEU om et eset eee Ce eee kalilo) 
eee sn SAO m BUCO IOU Sin yicle) em tia 
might be [found] in data from Kepler. 

But answering the question of [whether or not] 
a moon is actually inhabited by some form of life 
ON CRO ARC SOM ote octets 
astronomers and astrobiologists, who would need to 
measure whether the moon has an atmosphere and 
liquid surface water. Currently available instruments 
wouldn't permit such studies, but they're possible in 
piel msn U Om imi ose ce ceke (erence een) 
such investigations and then we need a bunch of 
very capable engineers. 
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Six-star sunrise 


How do these crowded stellar systems form and what are their orbits. ile 
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of stars, conditions permitting. However, what has 
Arsene yn e ee we neo 
in capability is that up to half the stars we see could 
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SURO HRM CR Ue Cor Rootes oe aed 
us resolve what appears to be a single star into two 
or more points of light. However, we can now tell 
that even more stars are actually doubles, even if 
they are too close for us to separate. We can tell this 
Pere RO MO AUCH eet coe CRs cle 
POE eln eRe Relen oa 

Stars and planets form as clouds of interstellar gas 
ELM me ln eRe om tet me ech y cl eir| 
attraction of the particles. As the clumps develop, 
PR CHe Or cam eC hemu eRe mols 
surrounding matter, which collapses the cloud in 
LOEB ket M EC ie Meee enemas 
particles set the cloud spinning and the spin turns 
the whole lot into a disc shape. 
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smaller eddies became the planets, moons and 
ee ao Rev See Ree Con) 
two or more big clumps end up forming stars, all’, * 
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point (the barycentre) between the two. If one is 
more massive, then this centre eR be, 
leeom eres a 

paiement er 


the Orion nebula. These trapezia have chaotic orbits 
that have not yet settled down, but ultimately they 
will find a stable arrangement. Here the group can 
PES Sree mon CES E omer amt cet aoe 
PEON et Bien eye eer ceed 
illustrate their orbital arrangements. 

A triple system, for example, will settle into a pair 
PE eee etek eee omy Pee CRTC URI 
orbit the other two at a distance, but as if they were 
CM UREN eso ee meee ome ROC 
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the difference for the potential planets forming too. 

We are living in one of the most exciting times 
for astronomy. Only 20 years ago we weren't even * 
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Multiple-star systems 


Stable multiple-star systems tend 

to orbit in groups of two, called 
hierarchies. These can be mixed up 
into more-complicated groups. A 
jumble of stars orbiting together would 
orbit like (a) and called a multiplex. 


Three for the price of one 


he second type (b) is called 
simplex and shows a basic pair - a 
binary, (©) and (d) show a triple and 

a quadruple system. These are said 

to have a hierarchy of two, because 
there are two levels. System (e) shows 


Our closest group of stars, the Alpha Centauri system, appears as 
the third-brightest single star in the sky. It’s actually three stars: a 
Sun-like star, a star that's little smaller and more orange, and a small 


ted dwarf orbiting the other two. 





a quadruple star with three levels. 
Two st. 
orbiting them and a fourth going 

round the whole group. Planets can 
similarly orbit an individual star or 


the whole group, which would affect 


Trapezia 

Seen in newly formed groups of 
stars, trapezia are systems that 
haven't found a stable condition yet. 
The stars move chaotically around 
one another and may well expel 
some members while others could 
merge to find that stability 


s are in a binary with another 
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surface. On Ker 
vould see two stars; whereas our 
nearest exoplanet, Alpha Centauri Bb, 
orbits one star in a triple system. Here 
you would see one main star, but also 
two others in the sky. 
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Interview New Hubble Telescope 


The new 
Hubble Space 
Telescope 


Professor Martin Barstow on his plans for a new and ambitious mission, 
ATLAST, which is set to answer one of the biggest questions of all time 





Interviewed by Gemma Lavender 
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Martin Barstow 


Aprofessor of both 
Astrophysics and Space 
Science at the University 

of Leicester, Barstow is 
also president of the Royal 
Astronomical Society, A 





chartered physicist, he’s also 
head and pro-vice-chancellor 
of Leicester's College of 
Science and Engineering 


What's most enjoyable about being president of 
the Royal Astronomical Society (RAS? 
I've only been really doing it since May, so actually 
being here at NAM [the National Astronomy Meeting 
2014] has been the most enjoyable part so far, 
interacting with all of the people who have come. 
You might not be aware, but I was actually elected 
in a competition [which hasn't happened] in about 
160 years. It's always been quite difficult to get more 
than one person to stand for president and in fact 
it's usually been the case where the council has had 
to go and twist a few arms to get anybody to be 
president. | think having an election through people 
with a real competition enables the opportunity to 
state and stand for what you have to do as president 
It's really an amazing breakthrough, I think, for 
democracy and society. There are things that I want 
to do - I want to improve the diversity in the RAS. 


Anew mission has been proposed - the 
Advanced Technology Large-Aperture Space 
Telescope (ATLAST). How did you come to get so 
heavily involved in it? 

I've been involved in Hubble for a long time. It's been 
a workhorse of my personal research and because 

of that, over the years, I got drawn into big parts of 
Hubble committees and things like that - particularly 
oversight committees. One of the most exciting 

jobs I've ever had was being involved in the last 
servicing mission, where I was on a committee that 
was overseeing things like what we do in the space 
walks, [or deciding] which are our major instrument 
priorities if we don't have as many space walks as we 
want. So I got deeply involved in the programme. 

As I have become more involved in Hubble and 
have seen that its life is limited, as inevitably any 
space mission is, I have been trying more and more 
to think about what we do next. The problem is you 
build something, everybody sees it and it becomes 
almost a fixture of the universe for astronomers. 





Space missions can never be like that, unlike ground 
based telescopes, which generally run for decades 
and have new instruments put on 

Hubble is unique in that sense. With most space 
missions, if they live ten years, that's good - Hubble 
will have done 25 years in 2015. So that is going to 
come to an end - it could be next year, it could be 
five years’ time... If you don't start thinking now 
about what's going to come afterwards, then it never 
will. It will never happen. Even now, were looking at 
a decade between when Hubble ends and [when the 
ATLAST mission] will take place, which is an awfully 
big gap for access to the ultraviolet and visible part 
of the spectrum from space. James Webb [Space 
Telescope] will be there, but that’s infrared only. 

So I've tried, from a European and UK perspective, 
to try and push this idea that we need a new mission. 
I'm not alone - there are other people in the US 
who are similarly interested, they also see the need 
and are also trying to push the idea. There's been 


quite a lot of resistance because everyone has been 





concentrating on getting James Webb sorted out, 
because it's been difficult... and the idea of going 
beyond that has been quite hard to get any focus on. 
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Are there any technologies that we've used on 
telescopes already that will be utilised for this 
new ATLAST mission? 

We will be taking technologies and testing - in the 
sense of what we do with ATLAST - the way of 
deploying mirrors in space, because James Webb 
will have a mirror that will unfold. We will almost 
certainly need something similar for ATLAST 
because we probably won't have a big enough 
launcher to get a full mirror into space without 
having it folded up. So that will be something to take 
from James Webb. 

One of the things that we will need if we go to 
search for extra-solar Earths is a very, very good 
coronagraph. Currently those are being deployed on 
telescopes on the ground and so there are a lot of 
techniques that have been tested by ground-based 
telescopes [that could be applied] in space. That 
should get us even better performance because 
you're in a vacuum, there's less scattered light and 
the background of space is much darker. So you 
should be able to take these [technologies] to the 
ultimate in this particular telescope. 


How much will ATLAST cost to build? Will there 
be any maintenance costs? 

The answer is that I have absolutely no idea right 
now, because we haven't really sat down and tried 

to cost it out. With a quick and dirty thought about 

it, it's going to be a few billion dollars or euros or 
pounds. That's inevitable, because it’s such a big 
telescope. I don't really know how much James Webb 
is going to cost even though that's nearly built, but 
conservatively it would be two or three billion dollars 
[1.2 or 18 billion pounds]. 

Now although ATLAST is bigger, it doesn't need 
to necessarily cost a vast amount more because 
we will be able to take some of these ground-based 
technologies. We'll also, I hope, be able to lean on the 
fact that the Americans are developing new launches 
for human space exploration, which will have the 
capability of taking something like ATLAST into 
space and put it out at Lagrange 2. 

Also it may be that because of that new capability 
we will be able to build ATLAST as a serviceable 
telescope like Hubble was, but obviously much 
further away from the Earth than astronauts are 
currently able to go. 


Part of the study for ATLAST is to look into more 
cost-effective materials in the 2020 era. Is that 





ATLAST will be able to see space 
objects with unprecedented details 


It will be able to directly observe 
distant Earth-like exoplanets 


ATLAST will replace the long- 


serving Hubble Space Telesagpe. 
when the mission ehds, 


something that was brought about since the 
JWST exceeded its budget? 

Not really. The thing about the James Webb, and the 
real reason that it exceeded its budget, is not because 
of what it’s made of - it's because of the complexity 
of trying to bring all of the systems together and 
the fact that it just takes time to do that. People 
hadn't really, I think, completely understood how 
long it would take to do all of the testing, to get all 
of the various instruments and to make sure that 
everything works, because [nothing like this] had 
ever been done before. 

The James Webb experience, I think, is really 
useful for something like ATLAST. When we design 
the programme [based] on how it all comes together, 
because it's not something that you test on the 
ground, we'll actually have a better idea of how to 
plan for it, which will hopefully help to keep the cost 
under control. 





Professor Barstow thinks it will tell 
us if there is alien life in the galaxy 











The materials aspect is also important because 
that's about being able to make the big mirror, or 





the segments of big mirrors. Things need to be 
lightweight - there was a lot of work going into 
making lightweight mirror segments that will have 
the optical quality that we need and James Webb 
won't have the optical quality that we need, so the 
mirror technology is a step further forward from [that 


starting point] 


What do you think the ATLAST mission will 
eventually help us to achieve? 
Well, it will be a general-purpose mission, so will 
study just about anything you want to study in 
space - from planets all of the way through to distant 
galaxies. But for me the most exciting thing [is that it 
will be] big enough to hone in on the habitable zones 
around nearby stars within say, 10 to 20 parsecs. 
hat's about 30 to 60 light years and it will be able to 
detect Earth-like planets orbiting those stars directly. 
If it can do that, it can image them, take a spectrum 
and [we'll be able to] figure out the biological 
processes going on 

If you're imagining the Earth 20 parsecs away and 
if you're observing it, then it will be this tiny, single 
pixel of blue light. If you actually took a spectrum 
of it, you would see oxygen, ozone, methane, carbon 
dioxide in proportions that will tell you that there's 
biological activity. So it really would be answering the 
‘Are we alone in the universe?’ question. 





How much better is it than the JWST? 

Well the JWST is smaller in size and mirror area. 
This will be two to three times the mirror area and 
what makes it better is the improved precision you 
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“Tt really would be answering the ‘Are 
we alone in the universe?’ question" 


get. Better resolution, more collecting area and the 

full range of wavelengths from ultraviolet all the 

way through to infrared. The James Webb Space 
‘ope is just [optimised for] infrared. 


When will ATLAST be launched? 

I would say that the earliest launch date anyone 

could conceive is 2030. I think in reality it’s not likely 
to be that soon, because these things always t 

a bit longer than you hope. [It’s] something that’s 
telatively expensive but still tiny compared with what 
people spend on defence and quite a lot of other 
things in their budgets. It's still quite hard to get the 
politics sorted out for something like that, particularly 
with something that's going to require partners. 


How long will it take to build? 

The James Webb Space Telescope started may 
five or six years ago, so it’s about a ten-year build 
programme to finally get to the stage of hav 
working instrument in space. 


ATLAST is likely to make a large leap in 
observing capabilities. Does this mean we won't 
be able to foresee the diversity and direction of 
what it will be able to achieve? 
There are a lot of things that it can do for every single 
astronomer that wants to use it. [It will offer] an 
enormous range of science and things that we don't 

g the 
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in particular. How could anybody have imagined that 


when Hubble s launched? I certainly didn't 


Is not knowing exactly what it’s capable of a 

worry for astronomers? 

Oh, it’s never a worry! It’s a fantastic and exciting 

hing. Astronomers are very br 
ays trying to find new v 


in whatever field it is they're working in. 


Will ATLAST actually work with the JWST when 


it's launched? 

No chance. The JWST 
unfortunately g the James Webb gi 
in 2018, which is the current plan. It is only about 
a five- or six-year mission and I don't see it lasting 
much longer than that. But sometime 
on for ten y I suppose the: 
chance that it might overlap, althi 


very small 
it’s not an 
Td expect 


Personally, how successful do you think ATLAST 


will be? 

Well, one of the problems is that I should prc 

h d by the time it g 

is one of the difficult things of working on space 
projects - the timescale. I think, if the only thir 
it ever did was tc 

alone in the univ 

I think it will ans 
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RS Puppis has created one of the best ; 


examples of a special space phenomenon... 
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Is it possible to see the Moon and Sun at the same 
time at latitudes where the Sun doesn't set? 


Todd Cooper Viewing the Moon at extreme which at the poles (during summer) 
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Fly ce DECC UB ee eee le) P Nate) ee eee een hmde) ( Earth. This means that on the poles, 
to see the Sun and the Moon for half the month, because for a full you only see the Sun and Moon in 
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Is Hyperion made of a 
spongy material? 


Jessica Wills 
The composition of Saturn's moon 
Hyperion is very different to that of a 
sponge. We believe the moon is most 
likely made up primarily of water 
ice, with only a small amount of rock 
and other frozen molecules such as 
carbon dioxide and methane. Sponges 
are generally made of long, stringy 
polymer molecules, which aren't 
commonly found outside Earth. 
Hyperion does have some 
similarities with a sponge, as it's 
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thought the moon could have been 
formed by small chunks of ice 

and rock that haven't been fully 
compacted together by gravity. 
This might be why the moon is 

So porous. 

The most notable similarity 
of Hyperion to a sponge is its 
appearance. Many unusual, 
sharp-edged craters cover 
the moon's surface, making 
it look much like a soft 
sponge-like world. SA 


i- 


Were not fully certain of how the Red 
Square nebula got its unusual shape 


Qoam 
How did the 


Red Square 
nebula get its 


We still aren't sure why this nebula 
(MWC 922) has an almost perfectly 
symmetrical square shape but it’s 
thought that it’s thanks to the way in 
which MWC 922 ejects material and 
our relative viewing position. 

This planetary nebula has a dying 
star at its core, which ejects gas and 
dust into its surrounding as it expires. 
It's thought to be a bipolar nebula that 
spews out this material in two cones 
that emit from opposite sides of the 
star. From Earth we can see these two 
cones of ejecta from side-on, but they 
point in opposite directions. As the 
ejections of dust and gas are expelled 
in almost a 90-degree cone the nebula 
seems square. 
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€. soars the shape of an ellipse 
Why are maps of the universe elliptical? 
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Is it dangerous 
to look at an 
eclipse during 
its totality? 


Eric Zoot 


It is extremely dangerous to look at 
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A BUCO iole ee re toner 
and shape are sacrificed in order to to make these compromises but as 
preserve proportions in area. This is we currently operate in a 2D display- 
PAU MCR oR nec eure ee mel dominated world, displaying 3D data 
SSeS Te Ohi say N 


because of something called Mollweide 
projection. This is used to convert 

our 3D spherical measurement of 

PS Se Or Bir PAP Boe lee) 
Unfortunately the conversion from 3D 





the Sun, even if the Moon is obscuring 
its disc during a total eclipse - this is 





the stage also known as totality 


Gp) 


Has the Milky Wayscollided with 
other galaxies in its oS Ca 


PR Ciao cura (sl 
According to a European team of 


Unless you have solar filters or 
a dedicated solar telescope from a 
reputable dealer, never risk even 
taking a quick peek at our Sun, 
whether it's during a solar eclipse or 
not. The Sun’s intense light can cause 
irreparable damage to your ey 

As well as the equipment already 





mentioned, you could use a telescope 


or one barrel of a pair of binoculars 
to project an image of the Sun on a 
white card, or use a reflection of an 
eclipse in a bow! of water to observe 
an eclipse safely - without risking 
your eyesight! GL 


Ensure that you use substantial 
protection when observing an eclipse 





astronomers, it's thought that our 
Milky Way galaxy collided with our 
closest spiral, Andromeda, around 10 
eB eset 
etecaiseseecckirisiriste we 
billion years’ time, the pair are set to wf 
collide, but their previous encounter : 
See Bon we reno richie 
Reset eR ol comer citi s 
that's been difficult to account for. 
aR OM Ea Each 
astronomers suspect that there are 
eRe euros lee oko oe 
eae m ee CROC pec lg 








Mente gc toe ance . of 
Pees c cleus) ri [- ~ 

Leite) Clee Bene mee eB Nit i dé 

Dynamics (MOND), which suggests that 7 a a ‘ 
fiers chop oe eet oe Fi a eT ee iam 
CIM arom Roe etn) rs ‘ could have interacted with 


long thin arms. ZB od Andromeda in its history 


Questions to... @@spaceanswers f /AllAboutSpaceMagazine @ questions@spaceanswers.com 
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[-# SOLARSYSTEM] 
Do we come ee 
fromcomets? 


Prey Se eC er aa 
potepearansy eels De eau ag Settee saa ene ars 
Deltas ute) cet oR TU 
VE ie ea a 
cr MG cat laaagy 





AZ . 
a s 
je 4 » 
oN P 
vi 
Lae , 
, j 
meet” eal 
ref 
, y fs Some scientists believe 
a : ; the beginnings of life 
* Le originated from comets 
- % - 
smashing into Earth 


Seal used i in 
space exploration? 


Helen Hall 

Experts say that plutonium-238 is crucia 

providing electricity for a spacecraft that 

too far away from the Sun to depend or 

power, This radioactive isotope has a half-life 

of 877 
Plutonium can be used as a heat source ir 





2a. 





tadioisotope thermoelectric generators (RTGs} 
These generators have been used in spacecr. 
such as Voyager 1 and 2, as we Cassi 
Huygens, New Horizons and the Mars Sc 





Laboratory to great effect 
We can't deny that this el 
ploration. However, unluckily for u 








for space ex 
NASA is running out of the isotope. Unt 








have a readily available and affordable st 
we may have to find an alternative way to 
power future spacecraft. GL 
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Quick-fire 
estions 
@spaceanswers 


© Why are some 
binoculars filled with 
nitrogen gas? 

Nitrogen gas is often included 

in the manufacture of many 

binoculars, as it prevents the 

lenses from fogging or filling with 

water due to condensation. 


© Who named Jupiter? 
Jupiter has had many names 
throughout history but it was 
the Roman Empire that had the 
greatest influence on the planet's 
name. It was named after the 
Roman god of sky and thunder. 


© How do stars move 
through our galaxy? 
Stars orbit the centre of the 
galaxy, however, this isn't on a 
perfectly circular path. They also 
have random motions where they 
might suddenly move off at a few 
tens of kilometres per second. 


© Do black holes die? 

Just like stars, black holes have 

a finite life. They emit radiation 
called Hawking radiation (named 
after its discoverer Stephen 
Hawking) and the more it radiates, 
the more it shrinks, until it 
eventually evaporates. 


© Does the Moon rotate? 
Yes, the Moon does rotate. 
However, it does it in such a way 
that we only see one side of it 


© How much time do 
astronomers spend 
actually looking through 
their telescopes? 
Professional astronomers spend 
the majority of their time working 
on computers, This is especially 
the case when studying data 
obtained by telescopes that 
operate in wavelengths we 
can't see. They spend a small 
proportion of their time at 
telescopes recording data. 


© How long does a 
supernova last? 

A supernova explosion lasts for 

a very short length of time, on 

average around 100 seconds. 
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Are there stars outside 
standard galaxies? 
Yes, there are stars outside 
galaxies, Astronomers think 
that when there are collisions or 


interactions between galaxie 





their stars are ripped out 


Does the Sun have any 
other name? 
Our Sun doesn't have other 
names, however it is put into 





class be 





ed on its temperat 





size and luminosity. As a result, it 
is referred to as a G2V star 


Is it possible that 
Stonehenge was built for 
astronomical purposes? 


Thoughts on this are mixed. Or 





the day of the summer s¢ 
the Sun rises directly over one 
of the stones. Some think th 


isn't a coincidence and the 





built to serve as an astronomical 
calendar in ancient times. 


Why does the SETI 
project search for radio 
signals in space? 
Radio signals are able to travel 
las 
amounts of dust 





for very | distances 








through la 


The most abundant element 


in the universe, hydrogen, also 





radiates at this wavelength 





When will Betelgeuse 
finally explode? 


You might have heard that 





red supergiant is likely to gc 
supernova very soon. However 
this is astronomically speaking 
Betelgeuse will explode within a 
million years. 


What exactly does 
sidereal time mean? 


me is measured 





to the positions ¢ 






a sidereal day lasts 23 hours, 56 


minutes and 4.1 seconds, while a 
mean day (the day we're used to) 
lasts 24 hours. 


when they 
landed back 
on Earth? 


Tim Beckingham 


I 





ensure the craft co 


difficult job of reducing the space 





hutes were a necessary addit 





2 Space Shuttle landing proce 
id be slowed qui 
The Space Shuttle crew had the 





from its orbital velocity of 28,000 


kilometres (17,500 miles) per hour, to a 


complete stop. This 


harnessing atmosy 








x» 


wn de 
uttles deploy 
parachutes (Mas, 





as achieved through 
ric drag to slow the 


a 








initial speed. After the initial slow-down, 
a slalom-style snakin, se was used to 
further reduce speed 





Despite 





these efforts, the Space 





Shuttle ded at a 





n faster speed 


than a commercial jet liner, with its 





approach velocit ind 350 





etres (220 1 hour. To secure 





the landing, parachutes were used tc 


a safe stop. JB 


guarant 
Bea eee oad 
PERO eS in rn ctta 


field interacts with the plasma in 
PUTS UIe ETc re mecca) 


What does ‘interplanetary 
medium’ mean? 


Lee Naganori 


The matter than fills the Solar System, 
Prmu acim erkan cermin 


move, is the interplanetary medium. 
Since it’s made of a variety of 
ECs OMe Eno) 


Tecmo CRs BERS ona 


fee ae om OnE emt 


it extends. The medium isn’t a simple 
Paar B Cree aig 





ately 


fee Re ES (o ee eee) 
Ceres) CBE e Rom eee 
ode c Ma ERNE eects 
field and conducts charge, which 
makes the Heliospheric current sheet. 
The interplanetary medium extends 
Se oC me cao Ter lie! 
OES CO e CREO Reni 
Eee ee CLA LU eee Ret 
interstellar medium meet. GL 










October 2013 saw observations of 
main-belt comet P/2013 R3 


Ceara 


What is the 
essential difference 
between a main- 
belt comet anda 
standard comet? 
Phil Lambert 

Comets spend most of their time in 
an orbit at a distance comparable 

to that of Jupiter's distance from 
the Sun and beyond. However, 
main-belt comets like to stay a bit 

*t to the Sun, following nearly 





circular orbits within the Asteroid 
Belt. Some of these objects display 


a cometary dust tail only when 





closest to the Sun. 

There are some who disagree 
with their naming - notably David 
Jewitt, who prefers to call them 
active asteroids because of the dust 
activity they exhibit. It's thought 
these nearby comets may have 
been a source of Earth's water, but 
some suggest the ratio of certain 
elements is too low for classical 
comets to be responsible. GL 
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Theradio 
signal was 
Claro Tg 
the Arecibo 
Ce ose 


ins the signal 


detected by Arecibo? 


Benjamin Rosewall s - called Lorimer bursts 


The radio signal bursts, which were at they do knov the 
recently detected at the Are ) > 2 rns similar 


Observatory in Puerto Rico, have been 
confirmed but the explanation behind 
them is not fully clear recent burst, 
Short and energetic, this isn’t the first astronom« ave been abl 
time we've detected a signal like this. ballpark figure of how far the 
had travelle sting thr 
ond, it’s U 
> unable to pin slled from billions and 
mntaneous of lig zi way. GL 


When is the best time to 
observe zodiacal light? 


(ese yy aig 
BUD men ke OAC e ee el Mier Tete R Uae ee ten 
equinoxes. From the Northern Hemisphere you should look to the western 
ee OBER Oe ere as ue AUB ee Comer og 
oR ee ae RR oe Smee eee 

Par ACen ieee ee sm ORS Meledee riety 
aOR Sone aie ne 
PR COMUC Reel aOR) ; | 
Ser Tne Maemo c= 101-19 ea ete 
PMO RUM en nC) Ta 
z to tsiesncl i petelonee 





Watch out for zodiacal light around the 
spring and autumn equinoxes 
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EDGE OF THE 
UNIVERSE 


What amazing celestial sights can 
we see at the edge of space? 


$F” 19 INCREDIBLE 
7? @- SPACE ROBOTS 


3D space printers, planetary explorers, 
See robotic apes, astronauts and more! 


ICE GIANT 
URANUS 


The mission to explore the depths 
of this freezing gas planet 


4 COMET-CHASING 
9. @ SPACECRAFT 


yo EY We talk to the team behind 
' F the unique comet-chasing 
spacecraft, Rosetta 


—- In orbit 
SHAPLEY SUPERCLUSTER La 





REMOTE-CONTROL MISSIONS 
TOTALLUNARECLIPSE 
GALACTICGAS STATIONS 
STARGAZER: COMET HUNTING 
CENTRE OF THE MILKY WAY 
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82 Sizzling 88 what's in 90 Me and my 96 Astronomy 
summer nebulae the sky? telescope kit reviews 
Feast your eyes on the Find the most spectacular Readers showcase t best The |. sential a 
hottest summer sights nighttime objects astrophotography ima; 


Sizzling 
summer “ 
NEDULACS _| etusa Mater not 


In images taken by the coloured. Remember, the size 
likes of the Hubble Space and the power of professional 


Take a tour of some of the treasures held in Tebsacope nethlie appecr’ _elbscopies does nok oomipate 
the warm Northern Hemisphere large and beautifully with your back-garden scope. 


The upshot of all this is that 





nomy 





pes reviewed 




























the nebula you'll see will be 







Summer: where the days are longer the type you're looking at requires a 

and the nights are shorter. Many look bit of practise and ample equipment to grey in colour and much, 
forward to the warmer weather as capture these targets at their very best much smaller. 

spring makes way for the extra hours As with any night-sky observing, Luckily, with filters : 
of daylight. But more often than not the larger the aperture of your such as OIII and UHC, 
the astronomer has turned their telescope or binoculars, the more light as well as some 
attention to the most obvious target your instrument will be able to collect astrophotography 
in the sky - the Sun. Many find that, This will make it far easier to see your techniques, you can 
unless you're willing to stay up late chosen target in all its glory add that much- 
and wait for our star's very last rays Ensure you familiarise yourself with Tae ae 
to leave the sky and plummet the the night sky before you begin your Cr Onoun 


hemisphere into darkness, night-sky nighttime observations 




























astronomy needs to take a back seat 
until the cooler and longer nights 
finally draw in. 

It's true that summer is a tricky 
time of year to get the darkest of skies, 
but that’s not to say that observing 
its treasures is impossible. Both star 
birth nebulae and planetary nebulae 

which astronomers like to call faint 
fuzzies - are well worth pulling out 
your telescope or scanning the skies 
with your binoculars for. If you're out 
of the way of light pollution, and have 
given your eyes at least 20 minutes to 
adjust to the darkness, the better the 
views will be. 

As we've already hinted, there are 
several types of nebulae. Planetary 
nebulae, dark nebulae and diffuse 
nebulae are the main ones you'll find 
in the night sky. However, to figure out 
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4 STARGAZER 
SS Alter eS thea nani 


Meet the oe evi 


IS e)semintcpenass acon tas) Tec ng ee feta eri ea) different nebulae to feast your eyes on 










The Eskimo nebula 


The Helix nebula 
(NGC 2392) cy) 


IGC 7293) 


The Carina nebula ma cd: atest 
(NGC 3372) : : (NGC 7635) 











Beane) BUM i egal (6] 
(NGC 2024) nebula (NGC 1909) 
epee Bea _} Pipe nebula M7: 
Se filse)t re) (Barnard 59) e 
(Barnard 72) 
1 Sasser] 
The Monkey Head Pelee) The Ghost nebula 
nebula (NGC 2174) (Barnard 33) (vdB 141) 


www.spaceanswers.com £22) 


fSTARGAZER 


Nebulae with 
your binoculars 


Sweep the summer skies for the best nebulae using 
nothing more than a pair of binoculars 





Eagle nebula (M16) 
RTs e ee ese i) 
SBI 
-13° 49° 

Ba 



















- 
Cd 






Serr eee no ati sme n ath Trifid nebula (M20) f ‘wake 
summer nights, but with a careful eye Se ae 
: you can spot it. It’s home to a cluster BE} Rey ely . se 


-23° O1' 48" 

Boel " 
NOCRSERMESCU nor 
(ooo CoR Omi Breas noone nineties e 
MB. Your binoculars will show a bright but hazy 
nebulous object, but to see the Trifid’s four petals, 
UN CRO Rote ricinus tts 
Fem eceneet enema cc we Wnrllt a 
(eee ee ee m em elM gE lens eine i 
the blue seflectiop nebulosity in,the Trifid, . 


CUS ee ORCL 
ee ae eee eee 
Creation, but you'll need a 12-inch 
or an astrophotography 
CNC RR enue 


é _ OUTS enc 





. 
‘ 5 r j 
4 P . , 
. _ S 
a) od di 
- J x 
s e ». Hy Deg 
J 
S ° 4 . 
. i 7 Lagoon nebula (M8) 
i . Sagittarius (The Archer) 
ok ; Ey 
, Pyar 
. +6.0 


PN eta ee he emt) 
NOC n BOs MOB eee BCE Rec LS 
target for observers with binoculars. You'll 
See SEAM uC e Rete eteecti con 
SOR RCM RO CBee AeA 
the full Moon. A small telescope shows even 
more detail, including its characteristic dark 





dust lane running through the middle. 
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North America nebula (NGC 700 
Constellation: Cygnus (The Swan) 
Right ascension: 20h 59m 17s 
Declination: +44° 31’ 44” 
Magnitude: +4.0 

While its brighter area 
under excellent conditions, NGC 7000 is be: 


visible to the naked eye 


observed with optical aid. At least a pair of 7x50 
binoculars will enable you to identify it with ease 
provided you know where to look 


Iris nebula (NGC 7023) 
fers Tees pct a) 
21h Olm 35.6s 

68° 10' 10” 

Bae] 
This is a reflection nebula being lit up by one 
Cm Sirens eo ome eco 
too bright to us 1,400 light years away, but in 
Mee ORT Mea ante te ett 
Se Ot Erect eR nes 
Praca ely mM Meta Mee ntl e nT 
slightly brighter than the star, its light is spread 
Oe BCom OR ePIC mono 
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Wizard nebula (Sh2-142) 

Constellation: Cepheus (The King) 

Right ascension: 22h 47m 

Declination: +58° 06" 

Magnitude: +7.2 

This nebula is really tough to spot. Try with 

binoculai vhich are preferred for viewing the 
er of stars) but if not then look through a small 

telescope using an OIII filter, with averted vision, and 


you should see a curved shape. 


STARGAZER F 
Sizzling summer nebul. 


Omega nebula (M17) 
Constellation: Sagittarius (The Archer) 
Right ascension: 18h 20m 26s 
Declination: -16° 10° 36” 
itude: +6.0 
One of the best emission nebulae in the sky, in 
binoculars or a small telescope it takes on the 
shape of the Greek letter omega. If looking through 
a telescope, then use a UHC filter to bring out the 
contrast of the nebulosity 
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Target nebulae with 
your telescope 


Peer deeper into the universe using greater optical aids 


Ring nebula (M57) 

Constellation: Lyra (The Harp) 

Right ascension: 18h 53m 35s 

Declination: 33° O1' 45” 

Magnitude: +8.8 

Easy to find in the constellation Lyra, a six-inch 
scope will pick out its famous hazy structure 
with a slight greenish tint. For eight 

inch scopes at 100x magnification, the 
greenish hue becomes more prominent 

and a reddish outer edge appears. 


Cat's Eye nebula (NGC 6543) 

Constellation: Draco (The Dragon) 

Right ascension: 17h 58m 33s 

Declination: 66° 37° 59.5” 

Magnitude: +8.1 

The Cat's Eye is one of the best planetary nebulae in 
the sky, quite bright but small. Unlike most nebulae, 
you can see colour in the Cat's Eye, with it looking 
green-blue. Use medium-powered magnification with 
an eight-inch telescope and you might start to pick 
out two lobes or rings of material ejected 

by the dying star in its centre 


NGC 6826 (Caldwell 15) 

Constellation: Cygnus (The Swan) 

Right ascension: 19h 44m 48,2s 

Declination: 50° 31’ 30.3” 

Magnitude: +8.8 

This is known as the Blinking Planetary, because 
when observing it you need to use something called 
averted vision. When you look just to one side of 
the nebula, your eye is able to see more light and 
you'll see it clearer. Look back straight at it and it 
disappears or fades, so you see it blinking on and off 


m 


Dumbbell nebula (M27) 

Vulpecula (The Fox) 

19h 59m 36s 

22° 43' 16" 

ath) 

Best viewed through OIlI and UHC filters, the 
Dumbbell nebula can be picked up using a 
small telescope. It will reveal M27 as a compact 
speck complete with well-defined round edges. 
A four-inch refractor will show the nebula’s 
Uae R MLE te REET iety 
reflector under good viewing conditions at 200x 
to 300x power will show the central star. 
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forts) OER @u Reco) 
ascension: 02h 51m 36.24s 
Declination: 60° 26' 53.9” 
Magnitude: +6.5 A 
AN (eigae ht Bs lea BORO men Broan e) Cocoon nebula (IC 5146) 
which is a real challenge to observe visually in Cygnus (The Swan) 
a four- to eight-inch telescope even with an OIII 21h 53m 28.7s 
SRE ono Bee Rd neem Um ie! 47° 16' O1" 
iin e ee ace ct ee Bee Olam amet 47.2 
Bo a ee en Au ORC aL If you're under decent dark skies all you'll need is a 
four-inch telescope and averted vision to find this 
dim nebula. It's usually best viewed through larger 









telescopes and an H-beta filter. 









The Heart nebula (IC 1805) Saturn nebula (NGC 7009) 














Cassiopeia (The Queen) Aquarius (The Water-Carrier) 
O2h 32m 35.6s 21h 04m 10.88s Crescent nebula (NGC 6888) 
61° 29' 2.3" -ll’ 21 48.25" Cygnus (The Swan) 
+6.5 +8.0 20h 12m 7s 
This area of star-birth can be tricky to find at first An OIII filter, along with at least an eight-inch scope 38° 21.3 
but it has an associated star cluster called Melotte 15 at 250x magnification, will reveal the bright, blue- +74 
that's a good signpost. By using a low magnification green form of NGC 7009. As one of the rare nebulae Made of material being ejected by a hot, massive star, 
in a small four- to eight-inch telescope, armed with an that shows colour when seen through a telescope, the the Crescent's light is spread out across its large form. 
OIII or UHC filter, you can tease out this heart-shaped nebula gets its name because of its shape, which has Observers will need a ten-inch telescope with the 
nebula from the darkness of space. two protrusions that look like the planet's rings. usual OIII and UHC nebula filters to see it 
PTICAL) 365/ stronorr/ 
HARDWARE . 
— ee 
ES 
Pacman nebula (NGC 281) 
Cassiopeia (The Queen) 
00h 52m 59.3s 
56° 37' 19" \ 
+74 


So-called because it looks a bit like the videogame 
character when viewed at an angle, the Pacman 
nebula is a star cluster and nebula combined. The 
stars are stimulating the gas in the nebula, causing it Turn to page 95 for more details on how to enter! 
to emit in hydrogen-alpha light, so a hydrogen-alpha 

filter will come in useful here! 
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ps Ee Geog 

Adrian, Michigan — 

Yoel ee aes al 
& Astro-Tech AT65EDQ 
quadruplet astrograph 


ES laut Be alert r F 
and Whirlpool galaxy using the a 
+. new Meade 14” /8 SCT sitting 3 


on the Celestron CGE Pro mount... 

“Lused a QSI 683 WSG-8 camera loaded with 

Astrodon LRGB and H-alpha, OIII and SI] filters. 

a Pee Oe PROB en ch trestiCcR i) 

ee A Pak So" 5 “. te Sak Se rey a caer at Nebulosity and guided with a Loadstar camera 
2 een - 0 — 4 ro, F 4 DSU Ser R elim eae ni ce ae 
A Sante! your astronorny photes and pictures, Loe ky eee Eu bere Rete he eae 
. of you-with, your telescopé to: photos@. . - Pe Sr yee ere eae 

A ra y a Poon Ope . > sleet on - AT65EDQ scope and QSI 683 camera,”;*. 

“ spaceanswers.com.and we'll showcase : PRE ree 

Ride (o 9 cat 9'48 -1b = ee arta OR aa ancenare | nae 
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Be ee Cry 
Ocala, Florida 
Telescope: Astro-Tech 8" Ritchey- Chrétien & Orion EON 
EMR ic laced 
“I imaged the Rosette nebula in the constellation of 
Monoceros using my Orion EON 3" Refractor telescope 
combined with a QSI 683wsg cooled CCD camera. I used 
H-alpha, OIII and SII filters and processed using Hubble 
palette, assigning SII to red, OIII to blue and H-alpha to green.. 
“In Canton, Maine, I took a nightscape of the Milky Way over Lake = 
RSet a Ten EOE ce Cente Toke ntt nth oT ae arene sited 
lens and 30sec exposure.” fore ns 





Stuart Hilliker 
West Sussex, UK 
| ~ | Telescope: Coronado PST 
; “A few months ago I was 
7 planning to upgrade to 
Uru omce races belie 
instead purchased a ZWO 
she ASII20MM camera... 
“Lused a TeleVue 2.5X Powermate with 
a Neodymium filter and a Sky-Watcher 
EQ6 mount. SharpCap was used as the 
capture software and AutoStakkert! 2 was 
eR ce Si om Re COB Nou ch 
A EOS eee eee 





erties Send your photos to... © @spaceanswers @ photos@spaceanswers.com 


made in Photoshop.” 
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be Lg 

Telescope: Sky-Watcher Skyhawk 1145P 
Emu MOU RS Cee cl oe 
Ee Ros Mie ener omeir a 
have ever taken. To capture the Moon, I 
Te Nie rB en Oke mieten Onn 
Sky-Watcher Skyhawk 1145P telescope.” 





stargazing 
stones 


Email the story of how you got 
into astronomy to photos@ 
spaceanswers.com for a chance to 
feature in All About Space 


puternice 


Location: Valencia, Spain 
Twitter: @Astro_JuPiTeR 


Juan Pablo Revert 
a 


Info: Astronomer for 2¢ 
Current rig 
Telescope: 





Other: SBIG ST-402ME 





“When I was 8 years old, I asked my 
parents if I could have a telescope, but 
when I was over ten years old I was 
given my first telescope, which was 

a 60mm refractor. Ever since | was 
given my first telescope, my hobby in 
astronomy has played a massive part 
in my life. 

“For some time, | studied the night 
sky while juggling work. In 2005, I 
regretfully had to leave my hobby 
completely. However, it wasn't for 
long and I was soon back in the thick 
of observing and photographing the 
night sky and the objects within it. 
Now that I am giving my hobby my 


lestron C' 
Mount: CG-5 without autoguider 


Celestron Ultima SV 2X APO, ToUcam PRO II SCl camera. 


TSMR eh eka 
feel ne ogy oe 


) years 





SGT XLT f/10 


camera, Focal reducer £/6.3, Barlow 


full attention, I am back at it with 
enthusiasm and excitement 

“In terms of telescopes, I have 
owned a 10" Dobsonian and a Meade 
ETX 90. My current telescope is my 
Celestron C9.25 Schmidt-Cassegrain 
By investing many hours into my 
hobby, I get fantastic results I'm very 





proud of 

“Sadly, there's a lot of light pollution 
at the location that I carry out most of 
my observations. To reduce this... I use 
a pollution filter, an Astronomik CLS 
extendable tube and a highly sensitive 


‘amera. I obtain detailed shots by 
camera. I obtain detailed shots cS ee 


(M27). lused RGB filters 
to play up the colours: 


using shorter exposure times.” @ 


“By Lives ue Et hours _ 
into my hobby, I get fantastic 
results I'm very proud of" 


Juan's top three tips 


1. Start offsimple 2. Be patient 3. If in doubt, ask! 


The best way to get Astrophotography takes a_If you're having difficulty 
to grips with the long to time to master, so then don't be afraid to 
techniques needed for just be patient, have faith ask more-experienced 
astrophotography isto and you'll soon see your _ astronomers for help and 


start off with the basics. _ results improving. some words of advice. 
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Stargazing stories 


“a: : .. 
‘ &% - “ 
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Ga a? « 
, ae 
re ET Ser E , 
“= rs 
, & ey 
iD ik jg 
. Mik nham 
nie oe e Gree 
‘4 ion: Midlands, UK 
; ce AstroMike 
ro Info: Astronomer for 
- n Current rig 


BOVE M Benen e aia! 
feet on se Ober PDL eA 
PCR eB ico geil Coa 
“Ive always had an interest in science 

and space but it wasn't until my 
daughter asked for a telescope for her 
birth 
astronomy 


that I became interested in 
ter buying her a small 
3” reflector on a wobbly mount, we 
soon became frustrated and I began 
searching eBay for a larger one. | found 
a 6" reflector on an EQ3 mount locally 
and brought it home, seat-belted onto 
the back seat of my car. 


Initially we only used it for 


obs ng, but one day while viewing 
” the Moon I placed my phone's camera 
7 against the eyepiece in order to 
a show others what I could see. That 


was it - I was instantly hooked on 
astrophotography. The passion, along 
with the cost, grew as I strived to take 
better and better images and from 


then on could be found in the garden, 


“The Orion nebula (M42) 
CSTE Pete BOO PET bs 
Watcher 120ED"” 


“A five-panel mosaic of the 
Andromeda galaxy (M31) using my 
fee ORR eure gd 





1. Watch elevation 
Keep an eye on the 
Moon's elevation and Light 
ut there when it's at 
ghest. This is when 
you're looking through 
ess atmosphere, sc imag 


are improved. 


2. Use an infrared 
pass filter 

aves in this 
are less affected 
by distortions in the 
atmosphere, so your 
2s will usually come 
out sharper. 


even on a cloudy night, in the hope 
the clouds would part long enough for 
me to get a couple of pictures. 

“As my setup got larger, heavier 
and m ime-consuming to set 
up, I began looking at observatories, 
With the wife already frowning on 
stronomical purchases, I knew there 
vas no way I was sneaking one of 
them into th ided the 
only way was to build my own. 

After lots of reading and looking 
at telescopes built by others online, I 


garden so di 


decided on the design and built my 
dome. Having your setup permanently 
mounted is great as you can be out 
imaging within minutes, however it 
has made me too lazy to strip it all 
down and travel to a dark site. I do all 
of my imaging from my back garden 
on the outskirts of a small town.” @ 


Mike's top three tips 


3. Create mosaics 
Ensure that you overlap 
each panel - I've lost 
count how many 

times I've spent hours 
capturing lots of data 
only to discover I missed 
a huge chunk. 
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AN ASTROPHOTOGRAPHY BUNDLE 
Enter our competition and you could get your 
hands on this awesome space-imaging bundle 


We've teamed up with Optical Hardware (www. that up with one of the seven Ostara filters (£60) 

ea c Rent OR He R esr Caen e nig Pah Coe Cer eae c lors oR etme nse 

(www.365astronomy.com), to offer some fantastic kit contrast and night-sky sights possible. 

Soom etm CORRE Bue nies OUrie sree ee ee ome tenet ene og 
Complete with an aluminium hard case, get in HD with a pair of Visionary HD 10x50 binoculars 

maximum variety in your observations with a nine- (CaO ene eet ee Clery rnocieg 

eee cP ue OR (oy cena (40) Bm Cis and deep-sky imaging with the ZWO ASII30MM 


NNO Ss USE Uke cre aay ce Raa oer Meee ecR tear eases 


To be in with a chance of 
winning, all you have to 
COB Vel VO mel icne|t (ca (0) 





A: 15 thousand years B: 13 billion years C: 450 million years 
JDmlccymoyelinwtemelem-) oy Cer Vey Wy em eed reece) yy oDo] 0 U8 (0) 0 Lee 
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Dea 
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Orion > 
StarBlast 61 x aad 
IntelliScope === . 


Plossl eyepieces 
This beginner-to-intermediate panera +! 
desktop Dob has a light- 
gathering ability to be proud of 


Eee er eve hres 7 
Meese aka 
Ae ete e deme ed oe 


BUTS ee er res 
Pet ee eae A eet Re acd 
Oe EN nsec ook oO CEHel Ie - 
AoC cheesey o) 1. 
t 





7 @ IntelliScope Object Locator 
Buel eae Reet 
Pea aR ULE mtg 
required more guidance than usual 
enh rete 





“We were treated to sharp views 
of the outer planet's rings” 


accord. Instead, you have to man 

find one of the 14,000 targets in the 

Intellis ry, which is arduous 
mpared with ot 


c sTo scopes that 
move the ir 


Cost: £449 / $459.99 
From: www.widescreen: 


nt for you 
tre.co.uk Turning the StarBlast to Saturn for 


Type: Dobsonian / reflector 
Aperture: 150mm (6") 
Focal length: 750mm (29.5") 
The Stark ptical design far 
surpasses what we expected for the 
price. Visible details on the Moon 
were impressive and we were able to 
view the rings of Saturn under very 
good observing conditions usi 
supplied 10mm Plossl eyepiece, v 
provides 
While we were able to find nig 
sky o fairly easily using the 
IntelliScope Computerised Object 


magnification 


Locator, it's worth noting that this 
electronic device tells you where 


to move the telescope, rather than 
actually carry the action out of its own 


96 


planetary viewing, v 
sharp views of the outer planet 

In general, we wet y impressed 
with the views through this telescope 
and - combined with the Starry N 
software and eyepieces - you r 

are getting your money 

a useful magnification of 

plenty of opport 
this telescope, too. 


y to acce 


The general assembly of the 
telescope, which includes circuit 
boards to the IntelliScope 
Computerised Object Locator up and 
running, might be a bit too time. 
consuming for first-time astronomers, 

2 its ability in taking the mystery 
of the night sky. @ 


The mount was sturdy and cut 
down on the wobble potential 
usually found with tripod- 
mounted telescopes 
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Ce B odie] 
Solar System Imager 
Cost: £129 / $149.95 
From: www.dhinds.co.uk 


Many find astrophotography daunting, 


but the NexImage Solar System 
Imager is both easy to set up and 
use, It also comes with a starter CD 
bale l aoc) mo elena 

Neeru a mem od an 
package is video-capture software 
er PUNE ouch a Omir 
processing. The 1.25-inch adapter 
turned out to be a bit on the small side 
PRB oem eee el eek Co 
ECR OR UCR ce CRC n Ce 
properly to the eyepiece holder. 

When put to the test, the NexImage 
cote ete) nee ete chs 
but it sadly seemed to produce quite 
Ee sooner tren ney ace 
Peele U tM MRS e rete) oy 
much for imaging Mars, but it failed 
[oye cetigens momen ce) 
aCe Cece mM Loci aime) od 
with an H-alpha filter, the camera also 
struggled to reveal the finer details of 
the Sun. @ 
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Cost: £339 / $518.95 
Pace AA ceaentlg 
The Celestron StarSense AutoAlign 
enables you to get straight down to 
Ce aU ea aa eer il 
rena cree eee decom ila 
SSAC oe 

Many might feel that this accessory 
Tote Bs mone Oe 
astronomer who has everything. 
However, having automatically 
aligned our telescope less than five 
POMEL Se CRO a Beton 
PE) sae mete mene mre 
enjoyable, we were able to appreciate 
Pc eo epi e coe (o 
Peer Ao eens 
Petey ee Seen og 

oer oat eRe n eae eg 
ee leet cP R COEUR Ty 
an added bonus, the device even fared 
POI U BEA mail ieee eae 
OAM oe elec esol nr ney 
observing, rather than fiddling about 
trying to find your chosen target, then 
ieee eeemiete | 





Celestron X-Cel LX 3x 
pee ae Roi 


Cost: £95 / $122.95 

ba AL ecreenlg 

Angee ce keC ssc es reid 
eee ene eerie Ceca t as 
lunar surface our first target. In fact, 

RG moc eer eee mS Ome oid 
SNe nu RUC ee Lf 
amateur astronomer - especially those 
who are always looking to increase 
Pettey nice nen 

Biter eete Tce ROR tS 
EOC BETS R No 
Th RR Perils meee elt hs 
eyecare aa kets 
neighbour's features beautifully. 

The single-screw brass connection 
Reece eM Te REI 
Cerrnrsira ee (o yee Be CELE 
focusing also easy. If you're sitting on 
the fence about getting a Barlow from 
this range, we'd definitely suggest 
taking the plunge. If you're unsure of 
buying one that packs such a punch 
in magnification, we can recommend 
fee owa ete mer ace EL 
similar sophistication. @ 
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Celestron X-Cel LX 
series 


fete Sessa ee Pee a) 
ai ecnaentlig 

MRR ns Mt coos mM U ES 
pone e io) ne Bee ee) oo 
Par ees een eae Ono 
Piece Aen ce eete eet 
Pee Ree ane cles 
Cat Gee ei eee Olt ees 

the night sky became much more 
enhanced and we noticed a giant leap 
in quality thanks to the six-element, 
TU Mut eee eRe! 
generous 60-degree field of view. 

WV ov ool meme many ct) 
eyecups is also very good and we 
Schou ROR tae on es am od 
SORT OM A Room C eee etg 
CEB ovocmeuoee iene melo 
Me eo e-c ERS At ey RUC 
regions of Mars’ surface and double 
stars, which were split cleanly under 
very good observing conditions. 

The caps were snug and a bit of a 
struggle to take off, but this is a minor 
flaw that doesn't diminish the quality 
odinTo<<| [eel eRe an | 
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Ham is awarded 
Bury) Cs oleaul 
PEE a a 
FSA nt 
Atlantic Ocean 


Ham the 
chimpanzee 


As the first primate in space, Ham 
paved the way for human exploration 


Born during the summer of 1957, 
this chimpanzee's life would make 
history in America’s space program. 

It all began with his capture: Ham 

was taken away from his home in 
Cameroon in the west of Central 
Africa, before being sent to a farm 

in Miami, Florida. He was held in 
captivity and was only later purchased 
by the United States Air Force. 

Taken from his home known as 
Rare Bird Farm, the two-year-old 
chimpanzee was sent to Holloman Air 
Force Base, New Mexico in 1959. Here 
he would meet 40 of his own kind and 
it wasn't long until he would be pitted 
against each of them, taking part in a 
series of training tests that would see 
him leave the Earth's atmosphere into 
space. Known simply as No. 65, the 
chimpanzee took part in evaluation 
after evaluation until he was one of six 
potential primates to fly. 

Under the supervision of Joseph 
Brady, a neuroscientist at the Air Force 
Base’s Aero Medical Field Laboratory 
No. 65 did well on his tasks where 
he responded to electric lights and 
sounds. His reaction speeds were 
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impeccable compared with the others 
he trained with, as he quickly pushed 
levers within five seconds of seeing 
a flashing blue light. He was a fast 
learner and quickly figured out that a 
correct response to his training would 
earn him a banana treat 
Soon he was ready to board 
suborbital flight MR2 as part of 
Project Mercury on the very last day 
of January 1961, NASA was a newly 
formed space agency at this point 
in history and the mission would be 
the United States’ first step in a major 
project to eventually put a human 
astronaut in orbit around Earth 
Launched from Cape Canaveral 





Florida, scientists on the ground 
monitored his health and watched as 
the astrochimp completed his tasks - it 
was soon revealed that he achieved 
them a fraction of a second slower 
than he had done so in pre-flight 
training. However, soon into the flight 
ground control had cause to worry: 
the MR2 capsule began to suffer loss 
of pressure and they waited with 
bated breath for the worst to happen. 
Amazingly though, No. 65 avoided 





| @ 
‘g 


any harm thanks to his pressurised 





spacesuit and continued to prove that 
it was possible to achieve his assigned 
tasks in space 

When it was time to come back 
down to the Earth, the chimpanzee's 
return wasn't a soft one by any 
stretch of the imagination. The 
capsule hurtled through our planet's 
atmosphere, splashing in the Atlantic 
Ocean, and was later recovered by a 
rescue ship - but would there be a 
life to rescue? Opening the capsule's 
hatch, his rescuers found the chimp 
had survived his 16 minutes and 
39 seconds to and from space with 
nothing more than a bruised nose. 

The fledgling NASA no longer had 
cause to worry about the public's 
reaction to naming the chimp prior 
to this unpredictable mission, so 
his designated number was taken 
away and he was given a name. The 
chimpanzee became known as Ham 

an acronym for the laboratory that 

prepared him for his mission, the 
Holloman Aerospace Medical Center 

Ham lived out the next 17 years 
of his life in the National Zoo in 
Washington, D.C. before moving to 
the North Carolina Zoo. Following 





Ham's mission, in May 1961, astronaut 
Alan Shepard was launched into 

space aboard Freedom 7. This was the 
United States’ first human spaceflight 
under Project Mercury, which owes its 
great success to the results returned by 
Ham - an animal astronaut who has 
earned his place on the International 
Space Hall of Fame. @ 
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